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1.0 INTRODUCTION 

This report is the last in a series of four reports which contain the 

final design and implementation plan for evaluating the effectiveness of each 

of four selected Federal Motor Vehicle Safety Standards (FMVSS). The four 

selected WSS which have been examined are: 

a FMVSS 214 - Side Door Strength 
l WSS 215 - Exterior Protection 
0 wss 301 - Fuel System Integrity 
l WSS 208 - Occupant Crash Protection 

This report contains the final design and implementation plan for evaluat- 

ing the effectiveness of FMVSS 208 - Occupant Crash Protection. 

1.1 Background 

Originally Introduced in 1968, the Occupant Crash Protection Standard has 

been modified several times. Its major change has been to allow vehicle manu- 

facturers three options for satisfying the Standard. Options #l and f2 have 

less specific equipment criteria and more detailed injury criteria. Option #3 

has specific equipment requirements for the seat belt assemblies but few or no 

injury criteria, depending on the type of assembly installed. The objective 

of this Standard is to decrease occupant injury through increased usage of re- 

straint systems --active systems such as the current lap/shoulder belt combin- 

ation, or passive systems typified by the passive belt or air cushion restraint 

system.* In many of the earlier versions of the Standard, the active methods 

of occupant crash protection were scheduled for elimination. There has been 

considerable controversy concerning the relative effectiveness and costs of the 

alternative active and passive systems. The current version of the Standard 

does not give any date for the elimination of active systems. Since the Stan- 

dard became effective on 1 January 1968, automobiles have been equipped with 

a variety of occupant restraint systems, such as lap belt only, separate lap 

belt and shoulder belt, and integral lap belt and shoulder belt. At present, 

the overwhelming majority of vehicles have the integral lap belt and shoulder 

belt system. Table l-l gives the important changes in the Standard by model 

year. 

* 
The effectiveness of the Standard depends completely on the usage of the pro- 
tection systems. The passive system is favored because it would always be in 
use, without an explicit action ("buckling up") on the part of the occupant. 
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TABLE l-l 

APPLICABILITY OF THE STANDARD BY MODEL YEAR 

Model 
Year Occupant Crash Protectjan Standard Requirements 

b-e- 1968 a No requirements, but lap belts were standard equipment on 
most cars. 

1968* o Type 1 (lap) or Type 2 (lap and shoulder) seat belt assemblies 
required at each seat position. (FMVSS 209 specifically de- 
scribed the assembly and FMVSS 210 described requirements for 
the anchoraqe.) 

1972** l Manufacturers were given three ootions for meeting the Standard. 
The first option required a totally passive system for crash 
protection. The second option required a lap belt and some 
other passive features to meet the frontal crash requirements. 
The third option specified an Integral lap/shoulder belt 
system with warning device and had no InJury criteria. (After 
August 15, 1973, the third option was to be eliminated; however, 
that date was continually postponed. 

1974 o The third option was modified to require an ignition interlock 
device. 

o If only a lao belt is used, the vehicle had to meet the frontal 
barrier crash requirements and inJury criteria. 

o The second option was upgraded to a complete passive orotection 
system in head-on test crashes althouqh some type of seat belt 
was still required. 

(1975) (e The ignition interlock requirement was revoked early in the 
1975 model year--29 October 1974. However, many models were 
produced with the interlock system ) 

t 
FMVSS 208 became effective 1 January 1968,which was after the beginning 
of the 1968 model year. 

l *fhls change came after the start of the 1972 model year (1 January 1972); 
however, this change did not affect how the manufacturers were complyinq. 

Purnose of PMVSS 208 

l The specific purpose is to establish performance requirements 
for the protection of vehicle occupants in crash situations. 

l The general purpose is to reduce the number of deaths and the 
overall severity of injuries in motor vehicle accidents. 

General Requirements of PMVSS 208 

The current Standard allows the manufacturer to comply under three dif- 

ferent options, each with different performance criteria. In general, the 

requirements are: 

l Option #l requires a completely passive protection system which 
meets all the injury criteria in the frontal barrier crash 
at 30 mph and the lateral moving barrier crash at 20 mph. 
In the rollover test at 30 mph the only injury criterion is 
that the test dummy should be contained within the passenger 
compartment throughout the test. Other injury criteria limit 
the forces on the head, chest and upper leg during crash 
tests. 
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Option #2 requires a head-on passive protection system for front 
seating positions which meets all the injury criteria in a 30 
mph perpendicular, frontal barrier crash. The option also 
requires installation of at least a lap belt with warning system. 

l Option iI3 requires only a lap and shoulder belt protection 
system with a belt warning system. If only a lap belt is 
provided, then the vehicle must be capable of meeting the per- 
pendicular frontal barrier crash requirements including injury 
criteria. 

Measures of Effectiveness 

Since the Standard's stated purpose is to reduce the occurrence and sever- 

lty of injury, injury-related measures are the most obvious means of assessing 

the Standard's effectiveness. The injury criteria employed for testing under 

the Standard are: 

l The test dummies used in each crash test are to be contained 
within the passenger compartment throughout the test. 

l The acceleration of the head of the test dummies cannot exceed 
an index level of 1,000. The Index is an integrated expres- 
sion of the acceleration forces on the head in any period 
during the crash. Prior to 31 August 1976, the acceleration 
was measured during any period when the head is in contact 
with any part of the vehicle other than the belt system. 

8 The acceleration forces on the chest are measured at the center 
of gravity of the upper thorax. These forces must not exceed 
60g for longer than 3 milliseconds total. Prior to 31 August 
1976, this acceleration was measured with a severity index 
which could not exceed 1,000. 

0 The axial forces on the upper leg cannot exceed 1,700 pounds. 

The above explicit injury criteria, however, are applicable only under 

the first two options for passive protection systems. * The vast majority of 

automobiles in recent model years (1973-1977) are equipped with seat belt assem- 

blies which comply with the third option and thus the net effectiveness of this 

restraint system depends on their usage by vehicle occupants. For this reason, 

the estimating of the effectiveness of the Standard must cover both the effec- 

tiveness and usage of the system. Because the Standard's stated purpose is the 

reduction of the number and severity of injury, the Abbreviated Injury Scale (AIS) 

is the most obvious measure of effectiveness of the Standard. 

* 
With the exception that under Option #3, If only a lap belt is provi ed, 

P 
then 

the vehicle must be capable of meeting the perpendicular frontal barrier crash 
requirements, including injury criteria. 
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Means of Complying with the Standard 

Since 1 January 1972, manufacturers have had three options under which 

they could comply with J?MVSS 208. The first option was to provide a totally 

passive system: no manufacturer has complied under this option. The second 

option encourages the manufacturer to provide some passive protection sys- 

tems, but does not require complete reliance on the passive systems as the 

first option does. Option 1'/2 requires, when using the passive system alone, 

that injury criteria must be met for front seat passengers in frontal col- 

lision into a barrier at 30 mph. However, these vehicles are also required 

to have seat belt assemblies with warning systems, with some exceptions In 

the case of passive belts. Some manufacturers have provided svstems which have 

met this option on some of their cars. General Motors provided an Air-Cushion 

Restraint System (ACRS) as an option on a few of their larger vehicles for 

several model years. Volvo is currently field testing an air bag type 

system on some of their cars. Since 1975, Volkswagen has offered a pas- 

sive belt system as an option in its VW Rabbit. 

The vast majority of cars sold in the U.S. today comply with FMVSS 208 

under the third option-- combination lap/shoulder belt assemblies with warning 

devices. If a manufacturer chooses to provide just a lap belt, then he has to 

show that the vehicle meets the perpendicular frontal crash test requirements, 

which include injury criteria. By providing the lap/shoulder belt combination, 

the manufacturer has only to meet hardware requirements, not crash performance 

criteria, The seat belt assemblies must fit a wide range of persons. The lap 

belt portion must fit everyone from a 50th-percentile 6-vear old to a 95th- 

percentile male (i.e., 47 to 215 lbs, respectively). The shoulder portion must 

fit evervone from a 5th-percentile female to the 95th-percentile male with the 

seat in any position. The lap belt portion must have an emergency-locking or 

automatic-locking retractor, while the shoulder uortion must be adjustable man- 

ually or with an emergency-locking retractor. 

The seat belt warning system has many detailed specifications about when 

and how it should operate. During the 1974 node1 year and part of 1975, the 

seat belt warning/ignition interlock svstem stirred conslderable controversy. 

The interlock requirement was revoked by Congress in 1974. Presently, both 

a visible and an audible warning are given for at least four and not more than 

eight seconds when a seat is occupied and the belt is not buckled. 
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Since the introduction of the Standard, there have been several varia- 

tions of the seat belt restraint system in cars sold in the U.S. Table l-2 

below describes by model year the method used in most models. 

TABLE l-2 

PRIMARY CRASH PROTECTION COMPLIANCE METHODS 

Model Year(s) Common Type of Seat Belt Assembly 

1968 - 1971 o Domestic manufacturers supplied cars equipped 
with lap belt systems. Some provided 
additional shoulder belts. 

[Foreign manufacturers often supplied a 
Type 2 (3-point) belt.] 

1972 

1973 

8 Late model year cars came equipped with a 
persistent belt warning system. More 
domestic manufacturers sunplied separate 
lap belts (Type 1) and shoulder belts 
(Type 2a)-- a 4-point system. 

l The Standard required a Type 2 belt with a 
detachable shoulder portion. 

1974 - 1975 e Ignition interlock was introduced to be used 
with Type 2 belts (non-detachable shoulder 
belts). The persistent warning system was 
changed to a simple (4-8 second) warning 
system in early 1975 model year cars. 

1976-Present o Although the ignition interlock requirement 
was revoked early in the 1975 model year, 
the interlock system was not removed from 
most cars until the following model year. 

Real World Performance of the Standard 

The real world performance of FMVSS 208 is dependent on a number of key 

factors which can be grouped under the following headings: (1) Usage; (2) 

Characteristics of Occupants; (3) Actions of Occupants; (4) Characteristics 

of Car Interior; and (5) Type of Accident, 
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Usage. The overwhelming majority of cars complies with J!MVSS 208 through 

the inclusion of active restraint systems which require action on the part of 

the driver and other occupants. A significant majority of drivers and passen- 

gers does not use the system and, hence, completely negates any potential bene- 

fits in terms of injury reduction or elimination which could accrue from the 

Standard. Urban usage surveys suggest that usage is 20 to 30 percent. 

Characteristics of Occupants. Requirements for the seat belt assembly 

are that (1) the lap portion must fit persons from a 50th-percentile 6-year 

old to a 95th-percentile male (47 lb to 215 lb) and (2) the upper torso restraint 

must fit all persons between a Sth-percentile female and a 95th-percentile male 

with the seat in any adjusted position. Persons outside these ranges may find 

it difficult to make use of the restraints system and/or could experience seat 

belt-related injuries, if u\ed. Even with properly adjusted belts, the flexing 

of the flesh and the type of clothing worn affect belt restraint effectiveness. 

The potential for occupant injury is, of course, affected by other occu- 

pant characteristics. Occupant health, age and sex may have a significant 

effect. The very old and the very young can experience more 5evere injuries 

than a healthy adult in his or her middle years, for example. Tall people have 

an increased potential for head injury, especially in small cars. 

Actions of Occupants. A number of actions taken prior to and dL;ing an 

accident can affect inlury risk with the use of lap and/or shoulder belts. 

Loosely worn and impropertly adlusted belts negate the load-limiting effects 

of belts and may cause additional injuries due to the belt. The retractable 

3-point lap/shoulder belt system reduces the likelihood of an Improperly worn 

belt in the front outboard seating positions. 

Proper seating position will affect the potential for the restraint sys- 

tem to protect an occupant from injury. Obviously, when an occupant is lean- 

ing forward or sitting sideways, the lap/shoulder belt system may be ineffec- 

tive or less effective in preventing lrlury. Further, during an actual crash 

situation, an occupant may be able to assume a protective defensive position. 

Characteristics of Car Interior. The effectiveness of belt restraint in 

minimizing injuries will be affected by the qualiLy of instrument panel padding 

and bending and/or fracture strength. An instrument panel that is well padded 

and has "give" is obviously preferred to a stiff, poorly-padded pancl. The 

adjusted front seat position regulating the distance from the driver/passenger 

to the steering wheel/front dashboard is another factor affecting possible 
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injuries. Other factors such as an open glove compartment or ash tray or 

loose objects can contribute to injuries. 

Type of Accident. The action and potential effectiveness of restraint 

systems in reducing or preventing injury are related both to type of impact 

and colllslon speed. At very low speeds, there is usually no injury,while at 

extremely high speeds all occupants are usually killed or injured, often be- 

cause of destruction or major deformation of the passenger compartment, occu- 

pant ejection, or fire. Seat belts are expected to have their greatest effec- 

tiveness at moderate speeds. 

The type of impact is also important. Rear collisions cause rearward 

neck strain which is not addressed in the Standard. In this case, the back of 

the seat and head restraint comprise the restraint system. The effectiveness of 

belt restraint in frontal and side impacts may be quite drfferent, due to 

significant differences in the lateral and longitudinal loading forces. 
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1.2 Summary of Fvaluation, Cost Sampling, and IJot- Plan 

7he plan to evaluate the effectiveness of FEIVSS 208 ~111 he concerned 

with three analyses. These are: 

0 Seat Belt rffectlveness Analysis. 

0 Passive Svstem I ffec trveness Analysis: Air Rags and 
Passive Belts. 

l Conprehenslve Pe5tralnt Svstem 1 sage Survey. 

The first analysis makes use of existing RSEP and NCSS data. The latter two 

analyses require maJor data collection or acqulsitlon efforts. 

1.2.1 Seat Belt Fffectiveness Anal\Tsls 

An analysis of the effectiveness of FMVSS 208 requires an evaluation of 

active seat belt restraint systems, since most cars on the road today comply 

with the Standard under Option 3 of FMVSS 208. The two samples of data to be 

used in this analvsls are the Restraint Svstens Jvaluatlon Program (RSFP) 

data and the Natlonal Crash Sever-It\ Studs (“C\S) data. The orlglnal J?SFP 

nnalvsls of 1973-1975 model vear cars did not lncltlde ’ \‘,I hlch 1s currently 

helnp added: The addltlnn of flCSS data will approxlmatelv double the sample 
** 

size. fhe data nrenaratlnn effort 1~111 Include deriving required variables 

from exlrtlnr lnforn7tlon and standardlzlnr the variables srlch that analvses 

can be performed using RSFP and YCSS data individually and with the two data bases 

cotmhlned. “estralnt svstem usapc will he classlfled accordlnp to (1) no 

restraint used, (2) lap belt onlv used, and (3) lap/shoulder belt used. 

Single and two-car accidents WLIZ he dlstlngulshed,as t~111 direct rear-end 

1nnacts. The analvsls mav I)e 1 imlted to the driver and front right passenger 

hecause of sample size requirements. The basic analvsls approach will con- 

~1st of a contingencv table analvsis ot lnlur~ occurrence lncl severity ,wlth 

the prohahlllt\ of various levels of rnlurv estlmatet! bv repression analysis 

111 th lndependen t var lables. (See Appendix A for dlscusslon of statistical methods.) 

1.2.2 Passive \ystems J ffectlvcncss Andl~rsls: Ait- Rags and 
Pas5 ~\re Rel ts 

The anal7 51s of tllc effcac tlveness of the air hag-lap belt svstem and 

the 1’1 passive stloulder helt svstrm c2n he accompll~hed with hlstorlcal data, 

* 
fly = Change In velocity. 

** 
RSEP and NCSS combined wil 1 tota 1 about 20,nr)O act ldents. 
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once a sufficient period of exposure for cars so equipped has elapsed. 

Presently there are only about 11,000 air bag-equipped cars on the road. 

Only a very preliminary analysis of air bag effectiveness will be 

possible until a significant portron of the more than 240,000 air bag- 

equipped cars planned for model years 1980 and 1981 are In the car popula- 

tlon. The larger number of VIJ Rabbit cars equipped with passive shoulder 

belt svstems (65,000 In model vears 1973-1977) should permit a more defini- 

tive analvsls of this system at an earlier date. The statistical technl- 

qucs emploved 11111 be verv similar to those used rn the actrve se‘lt belt 

effectiveness study. In both the air hag and the VTJ passive belt analysis, 

comparison must be made with a control group. The air bag effectiveness 

analysis must consider air bag deployment, lap belt use and lap/shoulder belt 

use in the control group. The passive belt effectiveness analysis must consider 

the occurrence of passive system disconnection and use of the lap/shoulder belt 

in the control VW group. Other factors to be considered in the analyses include 

AV, angle of impact, seating position and vehicle weight. 

1.2.3 Comprehenslve Restraint Svstem IJsage Curvev 

Fstimates of restraint svstem usage are necessary if an estimate of 

the reduction in fatalltles and inJuries due to the Standard is to be made. 

The tabulations of usage of most interest are (1) age, (2) sex, (3) rural/ 

urhan, (4) restraint svstem and (5) vehicle class. The analvsis results 

will he compared with results from earlier studies and particular emphasis 

will be given to determining whether substantial usage difference exist be- 

tween categories which had not prevlouslv heen lnve\tigated. rxamples of 

these include rural/urban usape and trip type. Over 3r),OOO observations 

~111 be required. The new data collectlnn will be obtained by both observa- 

tion and IntervIew followups. 

L.2.4 cost Sampling Plan 

A cost sampling plan has been developed to estimate costs as a function 

of the following cost categories: (1) direct manufacturing; (2) Indirect 

manufacturlnp; (3) capital investment (lncludlng testinp); (4) manufacturers' 

markup;* (5) dealers' markup;" and (6) taxes.* "Out-of-pocket" costs are 

* 
CEM considers that for these items, reliable information for specific 
models is not available. 
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only loosely related to the items listed above and lifetime operating and 

maintenance costs are explicitly excluded. A frequency sampling plan has 

been proposed which considers vehicle manufacturer, seating configuration, 

and inertia reel, Tn consideration of data gathering costs, it is desirable 

to limit the number of models sampled. This necessitates making assumptions 

about the variance of cost data and the representativeness of the stratifl- 

cations used. An experimental design has been tormulated in gather data 

In two replicatlon5 for three seating conflpuratlon (4-, 5-, and 6-seats) 

and electrically and mechanically activated inertia reels. 

1.2.5 Work Plan 

The work plan for the evaluation studv and cost analysis comprises 

four tasks. Ihe work on all four tasks could be conducted simultaneously, 

since the tasks are basically independent of each other. lhe total personnel 

resources required for all four tasks are 10.5 person-vears, 8.5 of which are 

consumed in Task 2 and Task 3. Task 2 begins In the tenth month after the 

study has begun and continues (with breaks in effort) for a 39-month period 

due to the need to obtain a sufficient volume of air hag-equipped car accident 

data. 

Task 1 1s concerned with the acquisition and analysis of RSFP and NCSS 

data to evaluate seat belt effectiveness under Optron 3 of FMVSS 208. The 

g-month effort ~111 require resources of 1.0 person-year, $2000 for computer 

processlnp, and $1000 for data acquisition costs. 

'Iaqk 2 deals with the evaluation of the effectiveness of air bag-lap 

belt systems and the VW passive shoulder belt system, both systems comply- 

ing under Option 2 of FMVSS 208. nata acquisition includes both the air bag 

and VII passive helt accident data and data for appropriate control groups. 

The acquisition of the data and subsequent analysis will be performed in 

three iterative cvcles. The 39-month study will require resources of 4.0 

person-years, $5000 for computer processlng and $50,000 for data acquisltlon. 

Task 3 is directed toward collecting and analyzing restraint system 

usage data. The data is collected both by observation and follow-up interview. 

Resources of 4.5 person-years, $2000 for computer processing and $15,000 for 

the training of personnel and collection of data are required. 
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Task 4 is concerned with the determination of direct costs to imple- 

ment FNVSS 208. Resources of 1.0 person-vear and $1000 for computer pro- 

cessing are needed for the seven-month effort. 
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2.0 OVERVIEW OF THE EVALUATION 

The purpose of FMVSS 208 is to reduce the number of deaths and overall 

severity of injuries in motor vehicle accidents by establishing performance 

requirements for the protection of vehicle occupants in crash situations. 

The principal difficulties in evaluating this Standard are: 

(1) The effectiveness of the existing implementation of the 
Standard depends on the actual usage of the restraint 
system. Measures of such usage in actual accident 
situations are often based on estimates. 

(2) In meeting the Standard, an assortment of methods have been 
used; these must apply to a wide range of individuals and 
crash situations. 

(3) Manufacturers can comply with the Standard under any of 
three options, and are continually encouraged to upgrade 
the effectiveness of their systems. 

Other problems in evaluating the Standard are: 

(4) The 1974 and some 1975 models had ignition interlocks which 
substantially changed the degree of belt usage in those 
model year cars. 

(5) There are relatively few vehicles presently on the road 
meeting the more rigorous Option 2 criteria. However, 
recent agreements between DOT and the manufacturers 
promise to increase that number, but not before the 
1980 model year. 

To obtain information on the effectiveness of this Standard, three approaches 

have been proposed: 

(1) Analysis of a combined NCSS/RSEP* data base. 

(2) Analysis of accidents of existing air bag and passive 
belt vehicles, with plans to incorporate new data. 

(3) Collection of a natlonally representative sample of restraint 
system usage. 

The first two approaches concentrate on the effectiveness of the Standard, 

given the usage of the occupant protection system. The purpose of the third 

task is to provide the background necessary to determine the overall effect of 

the Standard in the entire driving population. 

Combining the RSEP and NCSS data bases will provide not only more data 
** 

but also a broader range of model years and new information on impact speed. 

* 
RSEP - Restraint System Effectiveness Program; NCSS 
Study. 

- National Crash Severity 

** 
AV is being added to the RSEP data base; it was not available in the original 
study. 
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The differences between the proposed analysis and the RSEP study lie in this 

newly available data. Tests can now be made for effects of speed, impact 

angle and possibly restraint system locking systems. The statistical analysis 

would also differ to a certain extent because continuous variables will be used, 

such as speed. 

In the case of passive systems, a limited number of air bag and passive 

belt-equipped vehicles are presently on the road --approximately 11,000 and 65,000 

respectively. Because of the limited numbers of vehicles made available with 

these options, the present population may be highly biased. However, the present 

agreement between DOT and the manufacturers promises to make these vehicles more 

broadly available--but for air bags not before the 1980 model year. Therefore, 

the analysis recommended in this case focuses on developing analysis programs 

and some initial estimates of effectiveness, and then processing additional data 

as it becomes available. The recommended statistical anlaysis is very similar 

to that for the NCSS/RSEP data, to provide comparability of results. 

The restraint system usage survey is presented in response to a request 

expressed by the Contract Technical Monitor. The usage information obtained 

from existing accident studies is biased towards the accident population. Also, 

these studies rely largely on claimed system usage, although RSEP and other 

serious studies are very careful about this. In order to assess the overall 

effect of the Standard, one must have some measure of usage in the general driving 

population. The basic purpose of this study is to provide background for the 

overall evaluation of the Standard, rather than to estimate direct effect of the 

restraint systems when used. 

In conclusion, the first analysis will address the additional questions 

about the effects of speed and angle of impact which could not be addressed in 

the RSEP study. The second analysis will concentrate on the passive systems 

and will prepare for the large number which will come into the vehicle population 

with the 1980 and 1981 model year cdrs. The third analysis is necessary to place 

the effectiveness of the Standard in an overall context. However, some may 

judge that existing restraint system usage studies already supply adequate 

information. 
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3.0 EVALUATION PLAN 

3.1 Seat Belt Effectiveness Analysis 

FMVSS 208 specifies three options by which automobile manufacturers may 

comply with the Standard. Since most cars are equipped with seat belt assem- 

blies which comply under Option 3 (non-passive with warning system), the fol- 

lowing analysis of seat belt effectiveness is recommended. A previous study, 
l 

which was part of NHTSA's Restraint Systems Fvaluation Program (RSEP), con- 

ducted an extensive data collection effort and detailed analysis of 1973-1975 

model year cars in towaway accidents. * The data base used in that analysis did 

not yet have available an estimate of iV or sufficient information to determine 

the weight of the striking vehicle in two-vehicle accidents. The effect of AV 

on injury severity is well established and it is particularly important when 

analyzing towaway accidents because of the likely bias toward higher AV's. The 

RSEP data base is currently being appended with reconstructed estimates of AV 

and when this task is complete, a re-analysis of RSEP data would be valuable. 

In addition, data collected in the National Crash Severity Study (NCSS) will 

contain all the necessary information (including AV) for a new analysis. The 

addition of NCSS data will approximately double the sample size available from 

RSEP data and will provide cases of other than just 1973-1975 model year vehicles. 

The portion of "lap belt only" cases should increase from the 17 percent present 

in the RSEP data as a result of including pre-1973 vehicles. The larger sample 

size might allow further stratifications such as analyzing the effectiveness 

of different types of lap/shoulder belt systems (3-point VS. 4-point, mechanical 

vs. electronic inertial reel, etc.) rather than the single category used in the 

prior study. The additional data should increase confidence levels and might 

delineate effects which were too small to find previously. 

3.1.1 Data Requirements 

The RSEP file contains data on 15,818 (weighted) occupants who were in- 

volved in towaway accidents of 1973-1975 model year vehicles in the calendar 

year 1974 or 1975. Data were collected by five NHTSA-sponsored teams located 

in Western New York (CALSPAN), Michigan (HSRT), Miami (U. of Miami), San Antonio, 

Texas (SWRT), and Los Angeles, California (KSC). The general sampling criteria 

were 100 percent of all such accidents where at least one front seat occupant 

was treated by a hospital and 50 percent of all such accidents where no hospital 

treatment was involved. The latter data were chosen according to the odd-even 

* 
Reinfurt, Silva, and Seila. A Statisfical Analysis of Seat BeZt Effectiveness 
in 1973-1375 Model rare Tnvolved in Towaway Crashes Ill * 
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status of the last license plate digit. There were variations to this scheme 

in specific sampling areas for specific time periods, but it was the primary 

scheme used. 

An accurate determination of the type of restraint system used by the oc- 

cupant is important for this evaluation and is available in RSEP data. The 

variables listed in Table 3-1 are also necessary for the proposed analysis. 

The Sideswipe, Impact Point Angle, and Force Angle variables are not directly 

available on the RSEP data base, but they can be determined by decoding the 

Collision Deformation Classification (CDC) and AV. 

TABLE 3-l 

INFORMATION NEEDED FOR ANALYZING SEAT BELT EFFECTIVENESS 

Variable Names 

. 
Vehicle Make, Model, Model Year Occupant Seating Position 
AV Type of Collision 
Force Angle Overall AIS 
Angle of Impact Restraint System Available 
Vehicle Weight Restraint System Usage 
Vehicle Age Belt Caused Injury 
Age of Occupant Sideswipe 
Sex of Occupant Height of Occupant 

The NCSS data base differs from the RSEP data in sampling criteria, areas 

of data collection, period of data collection, and extent of information on 

other accident vehicles. The NCSS is an 18-month effort which began in October 

1976 and will continue through March 1978. The goal 1s to collect data on 

10,000 accidents by 1978. Data are being collected by seven NHTSA-sponsored 

organizations in eight locations: Western New York (CALSPAN), Michigan (HSRI), 

Miami (U. of Miami), San Antonio, Texas (SWRI), thirteen other counties in 

Texas (SWRI), Kentucky (U. of Kentucky), Indiana (Indiana U.) and Los Angeles, 

California (Ultrasystems). The sampling criteria are based on towaway acci- 

dents which are divided into three strata. Stratum 1 is sampled at 100 percent 

and consists of accidents where an occupant's Injury requires at least an over- 

night stay in a hospital (includes fatalities). Stratum 2 is sampled at 25 

percent and consists of accidents where an occupant requires hospital attention 

but does not stay overnight. Stratum 3 is sampled at 10 percent and covers all 

remaining towaways. 
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The definitions of "Force Angle," "Angle of Impact," and "Impact Point 

Angle" are given in Figure 3-l,as well as a diagram of how to measure them. 

Both the NCSS and RSEP studies are NHTSA-sponsored work and it is assumed 

that both data bases are available at NHTSA in the form of magnetic tapes with 

associated codrng manuals. The names of variables needed for extraction from 

NCSS and RSEP are listed in Table 3-2. The information which was originally 

missing on the RSEP data base (AV) and which is currently being added, is as- 

sumed to be available in the same format as it exists in the NCSS data base. 

Some data pre-processing is necessary to translate NCSS data into the for- 

mat required to perform the suggested analyses. Part of this effort will con- 

les, particularly in the S ist of recording ex isting variab les onto different sea 

I = Impact point angle. It is the 
angle made by the longitudinal 
line through the center of mass 
of the car and the line paesing 
through the point of impact and 
the center of mass. 

Center of Impact 

Mass 

A = Force angle. It 1s the angle 
formed at the point of Impact 

t--Struck Car 
by the line passing through the 
center of mass of the struck 
vehicle and the point of rmpact 
and the velocity vector of the 

I strikrng car. 

-180“ +180’ 

A + I = Angle of impact. 

Figure 3-l. Diagram for measuring “Impact Point" and "Force" anqles. 

The "Angle of Impact" comes directly from the "Principal Direction of Force" 

variable of the Collision Deformation Classification (CDC). The other two 

angles can be derived from information supplied in the "CRASH" program [2,3] 

which is used to reconstruct AV. Variables such as occupant sex and occupant 

height have been included in Table 3-1,but their effect on occupant injury is 

only speculative. 

3.1.2 Data Acquisition and Preparation 
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TABLE 3-2 

VARIABLES FOR EXTRACTION FROM RESP AND NCSS DATA BASES 

RSEP NCSS 

1. Type of Accident 
2. Type of Impact 

Type of Impact 

3. Occupant Ejected Ejection/Entrapment 
4. Vehicle Make/Model Code Make/Model 
5. Model Year Model Year 

6. Evidence of Restraint System 
7. Active Restraint System Usage I 

Restraint System 

8. Objects Contacted and CDC * Vehicle Damage 

9. Occupant Role 
10. Seat Position 
11. Sex ' Vehicle Occupants 
12. Age 
13. Height 

14. OK+ Injury Description 

15. Belt Caused Injury Injury Source 

16. AV Total A V Total 

17. AV Lateral A V Lateral 

18. AV Longitudinal A V Longitudinal 

19. (must be decoded from 4.) Vehicle Weight 

Deformation Classification. 

+Occupant Injury Classification. 

case of categorical variables. For example, the analysis might limit vehicle 

weight to five categories, whereas on the NCSS file, vehicle weight is in terms 

of hundreds of pounds. The other major portion of the preprocessing activity 

will be the reconstruction of variables needed for the analysis but which are 

not directly available in the data bases. "Vehicle Weight" is not directly 

available on the RSEP file and can be reconstructed from Vehicle Make, Model, 

and Model Year. Overall AIS is defined differently on RSEP and NCSS files. 

The code on the NCSS is based on a clinical judgment of the occupants' overall 

severity of InJury, whereas the RSEP uses the maximum severity of the occupants' 

first three indlvldual injuries. The RSEP's definition is less subjective but 

it does not consider three AIS = 2 injurlcs as more severe than a single AIS = 2 

iujury. Since the NCSS definition of overall AIS is not available in the 

RSEP data base, to perform equivalent analyses of NCSS and RSEP data, it will 

be necessary to reconstruct a NCSS Overall AIS using the RSEP definition. 
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The preparation of both data bases will Include the following steps: 

l Recode the variables on the file. 

l Extract and construct variables needed for the analysis. 

l Re-encode variables Into stand‘lrdized formats. 

l Extract relevant accident type'. 

. Merge condensed lnformatlon onto one (if possible) data tape for 
analysis denoting from which data base the case originates. 

At this point the data will be raady for the analysis outllned in the next 

section. 

3.1.3 Data An,ilysls 

There are several statlstlcal techniques which might be used to analyze 

detalled accident data, Three general categories of such techniques are: s- 

gression analysis, contingency table analysis, and "index" methods. They differ 

In their dlstrlbutlonnl assumptions about the population to be sampled and they treat 

variables on different scales (continuous v,:. cntegorlLa1). A more detailed 

dlscusslon of these tecllnlques and IIOW they apply to the recommended analysis 

15 given in Appendix A. I'he models proposed In this section encompass as- 

pects of each of these analytical approaches. 

To remove selection effects, the sample ~111 include only towaway accidents, 

since such accidents ~111 usually be reported by vehicle damage rather than oc- 

Lupant inJury. Some towaways will occur because the driver 1s Incapacitated, 

rather than due to vchlcle damage. Rut acrordlng to lnformatlon obtained from 

various police sources, the number of the\e case\ should be small. 

Single and two-car accidents should be analyzed separately because the 

parameters may bc different. If analvses show that there 1s no significant dif- 

ference, tllen they can he combined. All trucks with GVW greater than 10,000 lb 

should be excluded because of differences in collision dynamics. Smaller trucks 

(pickup) can possibly be Included but they might have to be analyzed separately 

or require an Clddltlc~nal model varLlble (i.e., truck VS. non-truck). The fol- 

lowing discussion WLII be ln terms of two--Car accidents. 

Direct redr end impacts should be examined separntely,since the effects 

of seat belts 15 mlnlmal in those rolll\lons. lhe construction and usage of 

head restraints will have a slgniflcant effect on occupant inJury In such cases. 

The recommended analysis will be Llmlted to the driver and front left passenger 

for purely emplrical reasons. The frequency of rear occupancy is small and the 
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usage of seat belts in the rear is infrequent. The number of cases expected 

in that category would be insufficient for the proposed analysis,but simple 

tabulations could be made. The data should be stratified by driver and right 

front passenger, since the steering wheel on the driver's side creates a non- 

symmetrical situation. 

Restraint system usage will define at least three additional stratifica- 

tions of the data: 

l No Restraint Used. 
l Lap Belt Only. 
0 Lap/Shoulder Belt. 

If the data bases are combined and sufficient data are available, additional 

stratification of the Lap/Shoulder Belt category may be possible. It may be 

valuable to distinguish between belt-sensitive and inertia locking reels,or 

detachable versus non-detachable shoulder belts. 

The analysis will depend significantly on the nature of the injuries re- 

ported and the AIS scale used to differentiate them. The AIS scale, like al- 

most any other injury scale, is not an interval scale but rather an ordinal one. 

That is, while 6 and 3 are more severe than 5 and 2, respectively, there is no 

reason to believe that the difference between 5 and 6 is the same as that be- 

tween 1 and 2. For example, graphs such as those in Figure 3-2 can be construc- 

ted from exactly the same ordinal data. Therefore, regression analysis is not 

recommended. 

3 

AIS 2 

1 

independent variable Independent variable 

Figure 3-2. Illustration of the inapplicability of reqression analysis 
of AIS-scale data, usinq a nonlinear ordinal scale. 
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What is rcrommentlrtl is n conttngr ncy t~ll,lc ,ln,il ys I< wftli n regression 

structure on tile probnl)llitLcs. ll\e I)robnbil.itles of thcx various levels of in- 

jury (e.g., AIS 2 2, AIS L 4) should h e estimated as functions of the indepen- 

dent variables for eacl~ of the seat belt systems (e.g., none, lap, shoulder). 

Thus, F'; = fnc(speed, direction,..+) can denote the probability of an injury 

2 2 on the ATS scale for no selt belt used,as a function of the independent 

variables. 

A functional form 15 proposed for the estimated probabilities because an 

overall measure of effrctlvcntss can mask important results. As an example, 

consider the effect of speed. Seat belts are expected to have their greatest 

effectiveness at moderate speeds,with effectiveness decreasing as speed becomes 

very low or very high. That IS, at very low speeds no one gets hurt, while at 

extremely hig1i spcctl5 111 o( c~~p~~nts arc usually klllcrl, or injured. An overall 

measure would inrludr tllc llly:h nnd low speed situations and thus tend to negate 

observed effectiveness at modernle speeds. Slmllnr remarks can he made for 

other independent v,~rinbles such as the point where the struck car is hit. Using 

a functlonal relatlonship w-L11 allow one to determine effectiveness in various 

important situations. 

The Basic Model 

One recommended analytic method involves fitting a multinomial response 

model with both continuous and discrete explanatory variables. The notation 

"p" will he used generically to represent any individual cell probability or 

any cumulated cell probability. The model is expressed in functional structure 

to yield log p. A list of primary model variables and their description are 

shown in Table 3-3 below. 

TABLE 3-3 

DESCRIPTION OF INDEPENDENT VARIABLES 

Variable TYPC Definition 

AV = Change In Velocity Quadratic NCSS file deflnltlon 

I = Impact Point Anqle Anqltlar See Flqurc 3-l 

A= for-cc Anqlc Artoular See flqurc 3-l 
W = Weight of Caqe Vehicle Non11 nal Weight cateqorles < 2000 lb,2(100-30133,etc. 

M = tlodel Year Grnup Dlchotonws Model Year cnteqorles. before 19G9,after 1969 

G = Age of Occupant Nominal Aqe groups 16-25, 26-35, etc. 

s= Sidcskioe Varlablt nlchotnrnous No Sldeswlpc = 0, Sideswipe = 1 
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Some of the nomln,ll varl,lbl (x9 arc in f,lcL continuous but since their in- 

fluence is likely to be relatively small, they might be treated as categorical 

with only a few categories. On the other hand, both the main factor velocity 

change and angle of impact could be treated as categorical variables with suf- 

ficiently many levels. The Model Year Group variable (M) has been included to 

control for the effect of other safety Standards implemented at various times, 

e.g.,steering wheel Standards which would affect injury severity in certain crash 

configurations. The Case Vehicle Weight variable (W) has been included 

to account for the added structural strength of heavier vehicles (the effect of 

larger mass is impllcit in AV). The effect of age on injury severity In an ac- 

cident is well-documented and thus tile Occupant Age variable (G) is another in- 

dependent variable. Sideswipes are physically ?pecInl cnses,and since the Im- 

pact Point Angle (I) and Force Angle (A) are not defined for sldeswlpes, the 

Sideswipe variable (5) Is introduced a\ a Tero-one variable. 

The variable< deftncd In T,lble 3-3 arc prlmnry, i.e., those which are known 

or hypothetically important and have principal effects. Some secondary variables 

whose effects are purely speculative are: occupant sex, occupant height, vehicle 

age, and type of seat (bench US. bucket). Secondary v,lrlables could be investi- 

gated by including them indlvidudlly In the model at a later stage of the analy- 

sis. 

The most likely lnterClctions ,Ire: 

(AV x I), (AV x A), ,lnd (AV x (A+I)) 

Each of the injury probnbll it icas 15 a function of the various independent 

variables. Ihe logarithm of the prob4bll ity is given a functional structure 

that depends on t1les.e variables: 

log p = 11 

+ alAV + a2AV2 + (continuous) 

+ Wi + M, + Gk + sp (categorical) 

+ b,AVcos T + b-AV cos 21 + ll,AV (05 31 
I L J 

+ CL/w 5111 1 + ( AV sin 21 + tl AV (0% A 
2 I I (cunt inuous 

interactions) 
+ ti2AV ~0~1 2A + c,AV \ln A + f',AV co? (A+T), 1 

where p is the probnbil Lty of equaling or cxcecdlng a p,lrticular AIS level for 

a particular belt system u~<lge, and 

vr a 1' a*, b], b2’ . . . . fl 

are coefficients to be estlm,lted from the d,lta. 
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The subscript for each of the categorical mean effects runs over the pos- 

sible categories for this variable. Typical constraints force the sum of these 

effects weighted by cell size over the indexing subscript to be zero. The inter- 

actions of Change in Velocity with Angle enter simply as other continuous vari- 

ables in the model. The concepts of Impact Point Angle and Force Angle and their 

manner of inclusion in the model need more discussion. Their definitions and 

an illustrative diagram are given in Figure 3-l. These angles have periodicity; 

that is, going 360" around the car, returns one to the start point. This sug- 

gests that these angles should appear in the model as trigonometric functions. 

The symmetry of right and left introduces the cosine ftincLions. The asymmetry 

implied by the driver's being to the left of center requires the sine functions. 

Cosine (ASI) is included, since A+1 is the standard "angle of impact" and has 

been considered in other work. 

The physics of the problem suggests that these angles may be more informa- 

tive than the usual nominal impact point and direction variables. 

Frontal Impacts 

The Standard addresses frontal impacts; therefore, it is necessary to con- 

sider carefully frontal and near-frontal impacts. Perhaps one can determine how 

well a full frontal crash predicts the effects of less than direct frontal col- 

lisions. Impacts farther back than side door impact carry no information for 

this analysis, and in fact are expected to introduce "noise." 

A model similar to that described above can be used, but since only the 

frontal sector of the car is of interest, the trigonometric functions may not 

be as appropriate as before. Changes at small angles (of no more than 15' to 

30') are of interest, and while a high frequency term (e.g., sine 30A) would 

work, too many terms would have to be fitted. Instead, one may replace the co- 

sines with even power terms: i.e., bl(AV) I2 + b2 (AV) I4 + b3 (AV) 16. The 

sine terms could be replaced also, but the contributions of these terms may be 

small enough for them to be omitted. 

Discussion of the Model 

The model encompasses fifteen independent variables. It is probably too 

cumbersome to consider all variables at once. It is recommended that more and 

more variables be included in a sequential manner beginning with those deemed 

likely to be most significant (via other considerations) until a sufficient 

degree of explanation of variance is attained. The two proposed analyses can 

be applied to any submodel of this overall model, 
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The first approach arises "naturally" from the model as formulated. As 

the model stands, one must estimate ~.r, the a's, b's, and c's and also the W i' 

Mj ' Gk' etc= 
Since the model involves a quantitative or regression component 

and a qualitative or analysis of variance component, the most plausible approach 

seems to be to consider the setup as an analysis of covariance problem. In 

using such an approach, the regression portion of the model (i.e., the continu- 

ous variables) is fitted by estimating p and the a's, b's, and c's. Then the 

analysis of variance portion of the model (i.e., &he discrete variables) is 

considered in the presence of these covariates. Package programs are avail- 

able to handle an ANACOVA* of the size we are discussing, so that "in princi- 

ple" the analysis may be performed. Included in these packages are provisions 

to run significance tests and to obtain confidence intervals for the regression 

coefficients and also to run significance tests and multiple comparisons for 

the main and interaction effects. 

However, there are several intrinsic problems with this analysis for in- 

jury severity as the dependent variable. At the heart of the problem is the 

fact that an analysis of covariance assumes the dependent variables to be con- 

tinuous and normally distributed. Even if it is assumed that five or more 

ordered categories (e.g., the AIS scale), somewhat approximate a continuous vari- 

able, the data reveal that observations will be concentrated in the small val- 

ues of these categories and hence do not exhibit even remotely normal symmetry. 

A further problem which is of consequence in interpreting the results of an 

ANACOVA is that the covariates are not independent of the ANOVA* portion of the 

model, which is a basic assumption in the ANACOVA model. By virtue of phrasing 

interactions involving a covariate with various main effects, a dependence be- 

tween the two portions exists. Thus, although we may innocently run a package 

ANACOVA program, the prior knowledge that we fail to satisfy basic distribu- 

tional assumptions certainly must temper our confidence in the accuracy of the 

resultant significance tests and confidence intervals. 

We propose a second and likely preferable alternative approach for injury 

severity which retains the multinomlal character of the dependent variables at 

a relatively minor sacrifice. If categorization is imposed on AV and I, then 

a log-linear model may be fitted to the data. The log-linear model presumes 

essentially a higher order contingency table type categorization with respect 

to the observed independent variables and a dichotomous response for the 

* 
ANACOVA = Analysis of Covariance. 
ANOVA = Analysis of Variance. 
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dependent variable. The logarithm of the probability of one of these responses 

is given a linear representation in terms of the levels (categories) of the In- 

dependent variables. The model then only requires that at a given set of levels 

for these variables, observed responses follow a binomial model with the corres- 

ponding model-specified probabrlrty of occurrence. The model previously given 

needs only be amended with respect to the continuous portion; i.e., replace: 

alAV + a2AV2 + blAV COST + . . . + c2AV sin 21 

by AV 
g 

(I x AV) 
g h 

r*here the Index g = 1, 2 . . . . n denotes the n categories In to which AV is dlv- 

ided and h = 1, 2, . . . . m denotes the m catcgorles into which I is divided. 

(I x AV) 
g h 

becomes an m x n table corresponding to the intersection of AV and 
g 

'h' The more comfortable application of this model to the type of experimental 

results anticipated seems to outweigh the disagreeable necessity for categoriz- 

ing I and AV. The same substitution applies to the Force Angle (A) and AV. 

There 1s one further point. Since the response cells are multinomial, 

the following procedural artifice is needed to formally achieve the binomial 

response mandated by the log-linear model. The cumulative cells AIS < 0, - 
AIS < 1, AIS < 2, AIS < 3 would be fitted in sequence, i.e., in log Q, Q = - - - 
P(AIS < 1) for each of 1 = 0, 1, 2, 3. Tabulations of RSEP data* show that - 
the frequency of AIS > 4 is low (l.e., 0.8% overall and 0.6% in frontal impacts); - 
therefore, all AIS i 4 are grouped and P(AIS ) 4) 1s estrm,lted by 1 - P(AIS 2 3). 

The estimates of the multinomial cell probabilities are obtained by subtraction 

i.e., P(AIS = 1) = P(AIS 2 1) - P(AIS < 0), etc. Fitting the most populated - 
cells cumulatively and leaving the least populated to the remainder is recom- 

mended. 

The size of the descrrbed model should be manageable with existing log- 

linear model program\. How does one make comparisons and test hypotheses within 

a log-linear model framework? The first conslderatlon 1s how the effect of 

some variables may be "controlled" in order to see the effects of others. We 

illustrate the idea briefly vTc7. an abbreviated example in which two variables 

are controlled to examine the effect of a third. 

* 
Reference [ 4] Table 113, page 107. 
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For example, assume the fit: 

log pijk = p + 'i + 5 + ‘k + (a x ‘) ij 
and "control" the effects of variables j and k to see the effect of variable 

i. Compute an average: 

j'k "ijk log Pijk 

log ii = ' 

jtk "ijk 
. 

Hence, the corresponding ;i may be obtained and then ii may be studied as 

i changes to assess the effect of various levels of i. Comparisons of multi- 

nomial cell proportions are typically done via contingency table tests of 

homogeneity (possible goodness of fit test) or simple one and two sample bi- 

nomial tests when applicable. 

A Comparison Index 

To compare the protection afforded by the three belt systems, we recommend 

the following measure or index. Let Pi denote the probability of injury at 

least as severe as AIS - 3 (i.e., AIS > 3) when the driver is not using seat 

belts. Let Pi and Pi be the corresponding probabilities with lap belts and 

shoulder-lap belts, respectively. We propose the index 

13(L,N) Pi = log2 3 

pL 

as a measure of the improved protection of lap belts over no belts for AIS > 3.* 

For other injury levels the definition is similar. This index has several de- 

sirable properties. 

13(L,N) = 0. 

If the probability of injury is the same, Ps - Pz, then 

Should lap belts decrease the probability by 112, then P2 = l/2 Pi 

and 

13(L,N) = log2 2 = 1. 

* 
The choice of the base for the logarithm is arbitrary. Base 2 was chosen be- 

cause it is conceptually desirable for differences on the order of 0.5, e.g., 
between lap belts and no belts. Loge would be conceptually more desirable for 
small differenclas because it would correspond to pcrccntagc differences. Pre- 
ference in ctloicc of base for the logarithm can'be investigated further when 
performing the analysis. 
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Convcr5clv, If no use of belts decreases the probability by l/2, then Pi = 

l/2 Pz, and 

13(L,N) = log2 l/2 = -1. 

Furthermore, the index is additive in the following sense. If 13(L,N) = 1.8 

and 13(S,L> = 0.5, then 

13(S,N) = 2.3. 

Also, note that order is important: 13(L,N) = -13(E,L). 

Since the estimates of the injury probabilities are functions of the in- 

dependent variables, the indices are also functions of these variables. This 

is desirable because any improvement due to scat belts would not be expected 

to be uniform across all situations, 

A flow chart of the proposed analysis scheme follows in Figure 3-3. 
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3.2 Passive Systems Effectiveness Analysis: Air Bags and Passive Belts 

3.2.1 Data Requirements 

The analysis of the effectiveness of the air bag passive restraint system 

for fatality and injury reduction can be accomplished with historical data, 

once a sufficient period of exposure for cars equipped with air bags has been 

realized. The accident data required has many similarities to that noted in 

the requirements for the seat belt effectiveness analyses and includes the fol- 

lowing variables: 

0 Air bag deployment l Vehicle weight (both vehicles) 

l Lap belt usage 0 Calendar year (vehicle age) 

l AIS rnJury (head and torso) l Vehicle deformation 

0 Vehicle make/model l Age of driver 

0 Vehicle model year 0 Occupants and seating positions 

0 AV l SIdeswIpe occurrence 

l Force angle 0 Type of colllslon. 

l Angle of impact 

The first three variables In the left-hand column above are speclflcally 

characterlstlc of the air bag effectiveness analysis. Obviously, data on air 

bag deployment and lap belt usage are essential for an analysis of the effective- 

ness of the system. If the volume of data permits, it may be helpful to stra- 

tify injury occurrence according to the head and the torso. In the collection 

of data on the VW Rabbit passive shoulder belt system, the first two variables 

are replaced by a variable lndicatlng whether or not the system was disconnec- 

ted. 

3.2.2 Data Acquisition and Preparation 

Air Bag-Fqulpped Cars 

There are very few air bag-equipped cars on the road today; in fact the 

estimate 1s only about 11,000. The rumbcr of air bag-equipped cars manufac- 

tured througtl model year 1976 1s given in Table 3-4 from [S]. Very few 1977 

model year cars wert> air bag-equipped. 

TABLE 3-4 

AIR BAG-EQUIPPED CARS THROUGH IIODEL YEAR 1976 

Model Car Model Number 
Year Manufactured 

1971 Mercury Monterey 831 
1973 Chevrolet Impala 1,000 
1974 Buick, Cadillac, Olds 5,518 
1975 Buick, Cadillac, Olds and Volvo (only seventy-five) 4,081 
1976 Buick, Cadillac, Olds (through April 30, 1976) 427 

Total 11,857 
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It is clear that the sample of air bag-equipped cars does not represent 

a random cross-section of all automohiles. The large, more expensive Buicks, 

Cadillacs and Oldsmobiles from model years 1974 and 1975 dominate the present 

sample. The owners/drivers of these cars are also likely to be unrepresenta- 

tive of the driving population in that they may be, on the average, older, 

more conservative In driving habits,and possibly more safetv-conscious than the 

general population. 

The status of plans for the future manufacture of air bag-equipped cars 

was revealed In a January la,1977 press release. The plans are summarized in 

Table 3-5 161. It is recognized that the currlxnt agreements between DOT and the 

TABLE 3-5 

PLANNED MANUFACTURE OF AIR BAG-EQUIPPED CARS 

Model 
Year 

Description Number to be 
Manufactured 

c I 

I GM Intermediate 

I I 
I 

lg81 Ford Compact (driver side only) I 
150,000* 1 

70,000* 
I 

1,500 

221,500 

Grand Total I 442,250 I 
* 

For GM and Ford cars it 1s assumed that an equal number of 
air bag-equipped cars are manufactured in each model year. 

manufacturers are subJect to review and renegotiation, but for the purpose of 

discussion and analysis plans given in this sectlon, the numbers in Table 3-5 

are assumed. 

The number of reportable accidents which involve air bag-equipped cars 

that can be estimated to become available for analysis is given in Table 3-6. 

The minimum criteria for reportable accidents differ greatly among states but 

based on accidents accumulated In the national accident reporting system, 

3-17 



one can assume that approximately one in ten cars will become involved in a 

reportable accident annually. At least an equal fraction of cars will be in- 

volved in an unreported accident where damage was below the minimum required 

for reporting and injuries were absent or very minor. 

Assuming the rough estimate of about one in ten cars becoming involved in 

a reportable accident and the estimated air bag-equipped car populations in the 

previous two tables, an estimate of the cumulative number of reportable accl- 

dents involving these cars at the end of each calendar year is given in Table 

3-6. In making the rough estimates, calendar years were not distinguished 

from model years. It must also be recognized that a period of time IS required 

after the given calendar year, before information on all accidents in that cal- 

endar year are available for analysis. 

TABLE 3-6 

ESTIMATE OF CUMULATIVE OCCURRENCE OF 
REPORTABLE ACCIDENTS INVOLVING 

AIR BAG-EQUIPPED CARS 

Year Estimated Cumulative 
Number of Accidents 

1974 600 
1975 1,500 
1976 ' 2,600 
1977 3,800 
1978 5,000 
1979 6,100 
1980 18,000 
1981 53,000 
1982 110,000 

I 

For examp le, if the air bag effectiveness study is begun in ear 

estimated that between 2600 and 3800 reportable accidents might 

The initial problem in the acquisition of data is the lack 

ly 1978, lt is 

be available. 

of sufficient 

numbers of air bag crashes. This creates the need for a reliable procedure to 

track air bag-equipped vehicles so that data are collected on all accidents 

which do occur. There are currently several sources which document air bag ac- 

cldents. The NHTSA maint,lins a National Response Center which provides a 24- 

hour phone service for reporting air bag vehicle accidents. General Motors 

Corporation provides the National Response Center phone number on the sun visor 

of all its air bag-equipped cars. Once an air bag deployment is identlfled, 
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NHTSA performs a Level 2 or Level 3 accident lnvestigatlon to record the rele- 

vant crash characteristics. Automobile insurance carriers are another source 

of information. Allstate Insurance offers premium discounts for air bag- 

equipped vehicles and believes It lnsilres a high proportlon of the existing 

air bag vehicle population. In addltton, Allstate operates Its own fleet of 

approximately 475 air bag vehicles. Allstate also maintains its own 24-hour 

phone service for reportlnf7 air bag accidents, and drivers In their fleet are 

Instructed to report all .3(cldents. insurance claims on pollcles covering dir 

bng-equipped cc1r5 <Ire monltortd, and the Chlcago police cooperate by reporting 

any llr bag tleployme7t\ they encountc r. Identified Allst.ltc fleet iccldents 

dre lnve\tigated by Allstate, lntl all air bag crn5hc.s arc reported to the NHTSA. 

Car m<lnufac turer5 ,lnd ottler lnsur<lnc e companies also cooperate witlr Allstate In 

nlr bag wh~cle accident reporting. 

The above procctlures probably detect almost all air bag deployment accl- 

dents. However, d blgnlflcdnt percentage of non-deployment ‘tlr bdg accidents 

may not be reported. Tile NHTSA (oitld try to obt,lln information on the unrepor- 

ted accidents by surveylnp current owners of air bag-equipped vehicles. Assum- 

ing the manufacturers llavc recorded tale Vehicle Identlflcatlon Numbers of these 

vehicles, posts ards could be sent to owners asking If the llr bag-equipped 

vehicle Ilad been In an accident, and other relevant data. 111e responses could 

then be cross-Indexed with reported A( cltlents to add cases and evaluate the 

current reporting procedures. 

The number of accident-related <jlr bag deplovmcnt5 per year 15 given in 

Table 3- 7, based on data In [5]. the deployment d3t.i Indicate that perhaps 50 

TABLE 3-7 

MJFlnER OF AIR BAG DEPLOYMENT 
ACCIDENTS PER YEAR 

i Year Number of Accidents 
with Deployments 

1972 1 
1973 15 

, 1974 26 
I 1975 39 
I 1976 30 (As of Auq. 

I 
1976) 
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cars out of ll,.OOO cars are involved in a deployment accident in a year (only 

0.5 percent). If we assume that 10 percent of all air bag-equipped cars are 

involved in a reportable accident then only 5 percent of the reportable acci- 

dents involve a deployment, This may be a reasonable figure when it is real- 

ized that non-deployment accidents involve (1) all rear-end impacts; (2) most 

side impacts (esptci~lly considering that the air bag cars are large) and (3) all 

frontal collisrons where the speed is less than 12 mph. rhus, while the exist- 

ing population of ‘Ibout 11,000 air bag-equipped car-5 permits a reasonably rapid 

accumulation of non-deployment accident\, thi< is not the case for deployment 

clccidtnts. The accumulation of a sufficient number of cases of the latter may 

have to awIlt the largt number of air bag-clqulpped cars which will be introduced 

in the 1980 and 1981 model years. 

A second facet of the data acquisition requirements for the air b,lg effec- 

tiveness dnaLysis involves the need for a control sample of cars with active 

restraint systems, Apnroximately 5 percent of the present NCSS and RSLP data 

bases is believed to involve comparable 1974 to 1976 model year Buicks, Cadil- 

lacs and Oldsmobiles. It may be acceptable to include in the control sample 

other full-sized General Motors cars as well as full-sized cars manufactured 

by Ford, Chrysler and AMC. If it is necessary to supplement this control group, 

it is suggested that towaway accidents with similar cars be considered. It 

must be recalled that all accidents in the control group generally must have 

comparable information to that given in Section 3.2.1. This 1s especially trLe 

regarding seat belt usage, speed and impact angle. 

Passive Belt 

There 15 currently only one passive belt implementation in actual produc- 

tion. This is the Volkswagen Rabbit passive shoulder belt system which has 

been an option since the 1975 model year. Volkswagen instructs its dealers to 

report Rabbit acrrdents to the main office when the damage cost is above a 

threshold quantity (approximately $700) and then sends out investigators to 

collect data on the accident. Volkswagen will then notify the Accident Inves- 

tigation Division of NHTSA about the accident. Even if this procedure is faith- 

fully followed, the data would be heavily biased toward serious accidents. To 

obtain data on unreported passrve belt accidents, the NHTSA might use the same 

type of pastcard survey of Rabbit owners as that used to obtain data on air bag 

non-deployment. accidents. 
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It is estimated that by the completion of model year 1980, 125,000 passive 

seat belts In VW cars will have been manufac tured [7]. Ihls includes an 

agreed-upon 60,000 cars (at least) so equipped In model years 1978, 1979 and 

1980 [6] and an estimated 65,000 VW Rabbits with the passive shoulder be1 t \ys- 

tern In model vears 1975, 1976 and 1977. Tlbl tl 3-11 shows the cumulative estl- 

mate of the number of reportable act ldents involving VW’\ with pnsslvc systems 

that are assumed to be m,inufdc tured 111 each model vent-. The cst lmated cumula- 

tlve accident Involvement 1s ccrtalnly very Clpproxlmntc Clnd IS b.l\cd on ttlc 

rough C1-,sllmptlon thnt e,lch ye ir- ontl ln tea i)i the VW car5 with tile pCls31ve belt 

TABLE 3-8 

ESTIMATE OF CUHULATIVE OCCURRENCE OF 
REPORTABLF ACCIDEFJTS INVOLVING PASYIVE 

BELT-EOUIPPED CARS 
+ 

Year Assumed hmher i Estimated Cumulative 
of VW Models Yold Number of Accidents 

I 

1975 i 30,000 1,500 
1976 70,000 5,000 
1977 15,000 11,000 
1978 20,000 19,000 
1979 20,000 28,000 
1980 20,000 40,000 , 

system ~111 bc Ltivol vttl 111 ‘L rc pc,rtnljl cx .4t( ltlf nt . If the e\tim,ltes <It-e 

reasonable, Lt 15 C)~,VIO~I\ tllat suffic it>nt ,~ccLdent experlcncCJ wlttl VW R,lb- 

bits equippc~tl with a p,j\slve l)elt 5ystc-m will Ikjve br~c~n ocllleved by 1978 to 

permit an rnLtl,ll .in,ll \\L\. Howcvcr , t Ilc it qu~~ltlon of Iccldcnt data Involv- 

ing the\c c,lr\ rcqulres the implemtntntlnn of 1 c omprc~hcnri ve Lr I( Llng s( hemc 

5imllar to that wl~lch 1~ (urrcntly u%ed with ilr 1) ig-cqulpped vc Iilc le%. As lb 

the case In tile <llr 13‘1~ vtillcle d‘ltl c(1IIC( tlon, It will t)e ncc cssdry to 0btdLn 

d,lta for a control group. ‘llttr group will conblst of \%I RC*bblts with .ictlve 

be1 t systems. 

3.1.3 Data Analysis 

Air Bag rf feet lventx5s Anal ysls 

Tht stntlst Lcal tcc_tlnLques ured and an,lly\es undo rt Ihen <lrc slmll,lr to 

those tlcsc rlbed In detail In Set tlon 3.1. liowt>ver , ‘1 number of spcclal consl- 

deratlons must be given to the air bag analysL\. Tile lit- b,lg will dtploy only 

In those ‘ICC Itlent% whcrc the frontal Impact exe eeds 12 mpll. In the large 
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majority of accidents the air bag will not deploy. These include all impacts 

in the rear, most side impacts and all front impacts under 12 mph. In addi- 

tion to the considerntlon of dir bag deployment, the question of lap belt use 

must be addressed. This IS Important In both deployment and non-deployment 

accxdents. When the air t>,lg does not deploy, the Idp be1 t 1s the only restraint 

system protectlon. In the case of deplovment, It 1s still deslrnble to know 

If the lap belt ws being used. Thus, accidents ~111 be cl‘isslfled according 

to four Ldtegorles as follows: 

0 (,roup A : Air bag deployment with lap belt use. 

l GroLlp B : Air big deployment without Lap belt U~C. 

l (,roup C : Alr bdg’ non-deployment with I,lp be1 t use. 

l (,roup D : Air bag non-deployment without lap be1 t 115~. 

Two type5 of In,llyse\ must be carrlrd out. The first type of analysis In- 

volves compnrl\orl5 of InJurlec, and fatalltles wittlln ttle nlr bag-equipped cars 

accident s,lmpl c. Tile second type of analysis involves tomparlsons between the 

air bag popul<ltlon jnd the control group. 

In the flr5t type of InalysL5 ttlc prlmdry 4naly5ls tonslsts of a comparl- 

son of LnJurles and f,tt<tlltrcAs for Lrorlp A 71 . Group 13 nnd Group ( 7~s. Group D, 

the group5 being defined above. lhls analvsls IS dlrelted toward determlnlng 

the effects of l,lp belt II\~ In both deployment and non-deployment accidents. 

The tomp,lrlson of Group A i’s, Group I3 and other analyses discussed In this sec- 

tion ohvlously rcqulre$ a sufflc lently l,irge sample of deployment cases. At 

the present rate of ncc um~ll,ltion of reported deployment A<[ itlents, it 1s our 

Judgment tll,lt. on1 y verv prrl Imlnary an,llyses Lnvolvlng rl~r hag deployment accl- 

dents will be po\\lblc rlntll the slgnlfic,lnt volume of model vear 1980 and 1981 

cllr b,lg-equlppcd c <lr> .lrt p,jt-t of tht vehlclc propul‘lt ion. 

A numhc r ot otllcr t 1~ tnrs (dn be ev~lu~ltctl In the .innly51\ of the dir bag 

‘ICC Ldent s ample. lt)c>5e lnc I udc : 

0 In jury oc ( urrence 141 th ,tncl wlttlout nlr bag deployment. 

l Frequtncv of 1Lr hag deployment and reldt lonshlp to AV, force 
angle ,lnd ,ingl c of imp<jct . 

0 Varldtlon of In]ury o(~urrenc c1 hy Seating po5ltion as d function 
of dir hap deployment dnd type of tollision. 

0 1 ffcac t\ of vtl~lc le wcLght on nlr h,lg deplovment altd injury 
oc( urrcnc c in sltle lmpdcts. 



It is clear that the lnvc’5tlgatlon of some of the above factors must awalt tile 

advent of 1080/l 981 model bear air hap-equipped ( ‘1x-s. Prior to that tlmt, tile 

air bag analysis could be 1 lmlted to LonsLderlng only those vnrlables found 

slgniflcant In tlic se,lt be1 t anclly4e5, plus ‘1 few \clcc ted vnr Lables dc,emcad 

relevant to llr big ,In 11ysls. 

The set ond iypc of an,ily\ls mentloned above concern\ tile comparison of 

air b,lg-eqlllppcd ( lr C1c~ lcI( nts with tile acr ldt nt\ of 1 control group. Thl5 

anal ysl$ 15 far from \trCllgllt forward Cintl \lrnpl t . A r igcrrc~us ev 31 u,ltlon of 

and complete 1n5wtJr5 to tllc quc 5tlon5 (liscus~~ ti I)c low WLI I not be po55lblts until 

the eirly IOHO’5, elven tllc prc 5ent 517~ (If t lit 11r I) ig:-t~iIulppcd c 71 populnt Ion5 

and pl In\ for ld(llt Ion 11 AI r I) 1p-cqulppcd r 1ri. 

llle %nlpl L pop11l at lOII5 w\~l~il mli5t \,c i )n\ldk rt d in th( (v 11~ it 1~)n lrl : 

l Air 1, ~g-c qulpptti c dr wltll I 1p ht 1 t u5t . 

0 Air b,lg-cquLppc(I c lr wlthorlt lip t)c 1 t II\<. 

0 Non-equlppecl c lr WI tll l,lp/ ,ltouldcr bc 1 t u\t . 

l Non-t CIU I ppcd c I I WI t hout 1 Ip/slloul cicr I)c I t II~( . 

Illt 1 Ittir two < .Itcgorli5, of c our51 , (omt flom t ht c ontrc)I 5,implt. I )lI 1bCJVC 

catc‘gorlc> of rca\trllnts %v\tern\ must bt compared 111 the 11gl1t of (I’ tl1t t)c - 

( urrenc c ,f deplovment ant1 non-dtplovmcnt ‘CC Ident‘ ~ntt t lit i r frt quc~nc v 2nd (2) 

tllc frcqutnc v of rl$e of 1 ip 1)~ I t5 In ii1 1) lg-iqulppcd c dr5 end tlic frc>qutncy 

of ube of 1 1p/ lloulder be1 t5 In non-e({ulppcd c ir5. I iii pr i~~id f-v camp xr 15ons 

would he (1) Tlr I,ag dcplovmcnt with lap belt II\C (Croup A) r’ . non-cqu i ppc tl 

tar wit11 1 ip/slioulclrr btalt u5e in ~ccldents with sptc~i grcx,lter tfi,ln 12 mpli ,1n(l 

(2) ;iLr Ilag tleplo~rient wl ttlout 1 IJ> 1~ 1 t use (c rt)up IS) 17 a. non -cqk~Ippctl car 

wlthoht 1 ,Ip/5lioul dc r hi I t 115c L I1 lcritlrnt\ with 5picd grt ltc t tiian 12 nip]). The 

above tomparl+on permits In ~vllu~tlon of tilt (ffc(tlvcnt\\ of the> llr brig-l?p 

belt system rc 1 ltlvc to t II( 1 lp/5Iko~llder belt +\5tcnl for cl~I~lovnient-type act L- 

dents, givtn lap and lnp/~li~rilcl~ r bc 1 t u5t. 11 c ompl c ti cv 11 II it Ion of tile dir 

1) ig/ I ip 11~1 t system, tlowever, rcqli lr( 5 t he CLJII\ ~tlc rCi t ~011 of non-deplovmc>nt t\r pe 

ac c Ltleritc, ‘31 50. 7 11115, t hc 5e( and 3rv c amp ir 1501i 7 i nvo 1 ve ( I ) i 1 r I)dg non-dt pI oyment 

witli l,ip belt 115~ (Grorlp C) 7) . non-cqiilppc (1 c,lr b ltli 1 ap/5lioktlder bt 1 t ubC in 

1~ c Ldent 5 it l( $5 tll In I:! mph ind (2) i ir 11 tg non-tlc>plovnic nt lb 1 thout lap t1Ll t 

u\e (Grollp I)> Lo . non-rxqtlipped c lr wit llout 1 il)/5l~c~~1lclc~r l>cl t li5C Ln ac ( ldcnts 

,lt less tll In 1 L mph. 



Given the real-world low rate of seat belt usage, in perhaps 80 percent of 

accidents there is no difference in the non-deployment type crash (neither lap 

belts nor l;lp/shoulder belts are in use) and in deployment type crashes the 

difference 1s strictly a function of the protective restraint of the air bag, 

as again neither a lap belt or lap/shoulder belt is in use. However, one must 

still consrder the possible effects of seat belt use. Speclfically, in non- 

deployment accidents the u5e of a lap belt only (in constast to d lap/shoulder 

belt) may result in dn increase in injury occurrence or severily. 

Pdssrve Belt 

Some of the consldrr Itron And factors involved In tile analysis of the 

effectlvenesi of tile air bag-lap belt system5 are approprldte to tile analysis 

of the tffectlvene5s of the Volkswagen Rabbit pa\slve belt system. BasIcally 

there dre three classes of restraint system protectron to ~orlslcier: 

(1) No restraint system protectlon-- the passive system h&s been 
dlsconnected or the active ldp/siloulder belt system 1s not 
used. 

(2) Pa\slve shoulder harness system 1s operative. 

(3) Lap/shoulder belt system 1s used. 

The analy5ls of the effectLv<bness of the Volkswagen Rabbit passrve belt 

system Includes the following: 

l Comparison of InjurIes and fatalltles when the passive system 1s 
operable and tile actrve lap/slloulder belt system LS used. This 
comp,trlson will hc on ,in over,111 basis and ~111 be stratIfled 
,lccot-ding to ~olllslnn type (frontal, side, etc.) and Impact 
5peed. 

0 Comp,iri5on of tile frequent y that tlic passive belt sy5tem lb ren- 
tlcrttl Inoperable 71. . the time\ that the active l~~p/shoulder belt 
\yitem LS not used. 

Clearly, 35 111 the dir bdg anlLy515, the analy\i\ of the VW passive belt sys- 

tem requires ddtcl from a control group of VW's In which the active belt system 

is the available restraint system. 
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3.3 Comprehensive Restraint System Usage Survey 

Estimates of restraint system usage are necessary if one wishes to project 

the total number of deaths and injurles avoided due to the Standard. Fstrmates 
* 

of usage from accident studies have usuallv heen based on personal claims. ThlS 

section was included 11~ response to a request by the Contract Technical Monitor. 

3.3.1 Data Requirements 

The data items required would be: 

l License Number 

0 Seating Position 
- Driver 
- Front seat passenger 
- Rear seat passenger 

l Restraint System Use (for driver and any other passenger) 
- Lap belt 
- Iaplshoulder belt 

l Age (driver and any other passenger) 
- Young 
- Mature 
- Old 

l Sex (driver and any other passenger) 
- Male 
- Female 

l Vehicle Make 
- Domestic 
- Foreign 

l Model Year 

l Vehicle Size 
- Subcompact 
- Compact 
- Intermediate 
- Full Size 

l Restraint System Available 
- Lap belt only 
- Seat belt interlock 
- 3-point belt 
- 4-point belt 

a Highway Type 
- Urban/suburban streets 
- Limited access highways 
- Main rural roads 
- Secondary rural roads 

* 
However, the RSEP study was very careful 
information on restraint system usage. 

From Registration and VIN 
Decoding 

in classifying the rellab ility of 
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a Time of Day/Day of Week 
- Commuter hours 
- Mid-day 
- Evening 
- Late Night 

l Area Population Density, 

Other information--length dnd types of trip and consistency of usage--would only 

be available through an interview followup situation following drrect observa- 
* 

tion. Such follow-up could also be valuable as an estimate of the accuracy of 

the data collection procedure. 

Currently,Klrschner Associates, Inc.(and, previously, Opinion Research) is 

conducting safety belt usage surveys for IJHTSA'~ Office of Driver and Pedestrian 

Research. The Opinion Research surveys only focused on recent model years, and 

while the current eEfort looks at all model years, it only collects data on the 

driver. Also, the observations are largely restricted to urban intersections and 

suburban prrmary road intersections (or highway exits). Data quality is ques- 

tionable [8]. 

3.3.2 Data Acquisition and Preparation 

The method of data collection would differ from the existing efforts in the 

following ways: 

l Two-person teams to observe and record the information. 

l Broader range of highway types, including on-the-highway 
observation and accompanying police on random roadside 
vehicle inspectron. 

0 Collection of data in the same geographic areas as RSEP data: 
Western New York, Mlchlgan, Miami, San Antonio, rural Texas, 
and Los Angeles. 

l Interview followups on a sample of observations to gain addit- 
Ional lnformatlon on trip type and length and consrstency of 
belt usage and also to check overall data collection accuracy. 

** 
The number of observations required In each cell depends on the desired 

accuracy of the estimate dnd the frequency of occurrence of the desired event. 

For the purposes of determining sample $ize, we assume that the distribution 

oi restraint svstern usage 19 blnomlal. Assuming that the desired accuracy 

is + lo%, the sample size for a 40 percent usage rate would be 576; a 5 

* 
The CTM also requested other items of Information be considered--1lsage in non- 
towaway accident5 .lnd by AIS level. However, this infonnatlon would only he 
available In an accident-based survev. 

** 
A data cell cdn be considered as gross as male safety belt usage, which is a 
simple male/female categorization; or as fine as young, female driver driving 
domestic subcompact,which includes 144 categories. 
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percent usage rate would require 7,300 observations. Therefore, higher levels 

of accuracy might need to be sacrificed if usage rate is low. If a sample 

size of 500 in each cell for a variable is used, then the spread of the 95% con- 

fidence interval Increases. At 20 percent usage, the 95% confidence interval 

is approximately 23.4 to 16.6 percent, At 10 percent usage, the range is 12.5 

to 7.5 percent; while at 5 percent usage, the range 1s 7 to 3 percent. For 

example, 32,000 ovservations would be needed for a three-way tabulation of 

vehicle siLe, time of day, and highway type, assuming an even dlstrlbution of 

500 observations In each cell, and each variable is categorized at four levels 

(500 x 4 x 4 x 4 = 32,000). 

Data checking and automation are not inconsiderable problems. The use of 

two-person teams and of IntervIew followups will improve the accuracy and give 

some estimate of error for the estimates. After the data are in hand, they should 

be keypunched and verified before creating computer flies. 

3.3.3 Tabulatron and Analysis 

The analysis of the restraint system usage data would be rudimentary, 

prrmarlly examrning various patterns of usage through different tabulations.* 

Ihe tabulations of most Interest ~111 be seat belt usage vs. 

l Age 

0 SeX 

l Rural/urban 
l Restraint system 
0 Vehicle class 

and possibly combinations of these with other variables. Simple tests of inde- 

pendence should be made to determlne whether estimates are srgnlficantly different 

from one another. 

The main questions addressed will be whether this study (1) finds any 

difference from earlier studies and (2) finds suhstantial differences between 

categories which had not been establrshed before, such as rural/urban usage, 

or by trip type. 

* 
The Stand,lrd Errors of the estimates should be presented as an Appendix. 

3-27 



3.4 References for Section 3.0 

1. 

2. 

13. 

4. 

5. 

6. 

7. 

8. 

l)r~p,lrtment of I r,in port-at ion. “cecrp tary ( oleman Announ< t\ Results 
of Idegotl ItIons l<epardlny Pass~vc Rtstralnt Jjemonstratlon Program, 
1)01-l&77, i’re\i l:eIeast from the OfFIce of the Set retary, January 18, 
1977. 

Private tommunicatlon from Mr. Peter Zclgler, National Highway Traffic 
Safety AdmInIstration, 3 March 1977. 



4.0 COST DATA AND SAMPLING PLAN 

4.1 Background 

The current version of FMVSS LO'1 provides three options for compliance 

with the Standard. Optlon #l specifies a completely pdsslve protection system 

where only occupant injury criteria have to be met. To date, no method for 

compliance under this option 1ld.s been Implemented. 

Optlon #2 requires a lap belt protection system with audible and visual 

belt disconnect warnings. InJury crlterla must be met only for the frontal 

barrier trn\h. Two pa5slve systems have been developed and implemented to 

satisfy rlq\S 208 rlndcr Option 112. One system 15 the Air Cushion Restraint 

System (ACRS) with a lap belt and warning device which was offered by Ford on 

some 1972 models and hy General Motors on some 1973 and later models. Also, 

Volvo offered an air b,jg \ystcm on 1975 and later models. Under this option, 

a lap belt or dctach,lhle l~~p/shounder belt must he Included for each designated 

\eating positlon. Jhe 5tconci \y\tcm 15 a pa5blve belt sy\ttm offcrcd by Volks- 

wagen on 1975 .intl 1 ltcr mt)deL Rabbltb. 

Option f/3 very cxpl~r rtly speclfleq d Tvpe 2 non-det,lch,lbIe ldp/shoulder 

belt ,Issembly for the two outboard front seating posltlon%. Some varlntions 

in the method of compll ince occut- In tile se,lt belt warning system, in the belt 

system In non-outhoard front 5c Iting poiltlons, and in the emergency locking 

retractor and latrll mechLlnLsm. Tile compliance approach under this option re- 

qulres the active partlclp,ition of occupants for system proteltlon. 

Estimate\ of the average cost per car incurred In complying with various 

Standards have been m,lde by GAO for Model Years 1966-1974 [I]. The average 

combined co\t of compllnnre with FMVSS 208, FMVSS 209 (seat belt assemblies 

for passenger carb, multi-purpose passenger vehicles, true k and buses), and 

FMVSS 210 (sent belt ,lssemblv anchorages) was estimated to he $94 per car for 

the 1974 model year. Tl~ls cost refer-5 to the typical Type 2 lctlve combined 

lap/shoultler stat helt for the two front outbo‘lrd sent posItions 2nd Lap belts 

for other seat posltlon\ cl\ speclfled by Option 3 of FMVSS 208. 

A detailed analysis of the cost to the ronsumer of three t-e\tralnt systems 

has been performed [L?]. In tlrlr ~nllys~s the co\t of driver-only, 2-front 

seats, and 3-front \cnts ~~1s estimated for (1) the current ,lctlve lap/shoulder 

belt system; (2) tile VW Rnbblt passive belt and hnee panel system (2-front 

seats only); dnd (3) tile dir cushion dnd lap belt system. The result\ of the 
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analysis are summdrlzed In Table 4-l.. The VW Rabbit estimates are based on a 

productlon volume of approximately 30 percent of total U.S. Rabbit sales. The 

estimates for the air cu\hlon lap belt system ds9umes a 100 percent inclusion 

of the system In production. 

TABLE 4-1 

COMPARISON OF THE COSTS OF ACTIVE AND PASSIVE SYSTEMS 
(Summary of analysis from Reference 4) 

I 
Driver TWC Front Three Front 

Restraint System Only Scats Seats 
/(dollars) (dollars) (dollars) 

Active Lap/Shoulder Belt I 
Initial Price Increase 23.00 45.00 51.00 
Total Cost / 28*60 56.10 62.50 

VW Rabbit Passive Belt & Knee Panel' 
/ 

Initial Price Increase , 41.50 73.00 
Total Cost 49.80 89.20 

I 

Air Cushion and Lap Belt 
I 
I 

Lap Belt System / 11.94 24.53 31.13 
Air Cushion System r 24.00 58.00 67.00 
Vehicle Manufacturer 10.80 18.70 21.00 
Air Cushion System Markup 14.20 30.80 35 20 
Total Costs 72.00 161.50 191.00 

The analyst\ Ln Reference 2 Include5 tllc lnltlal rest of alI (omponents 

of edch system. lor cximple, tnc luded as major components of the current dc- 

tlve lap/shoulder t,(>l t 5vstem dri : 1~1 c2rnClt 1~ locking retractor, emergency 

lot king retractor, I 111 anal shoulder hclt , mounting bolt\, .lnchor plates, and 

reminder (warning) \y5tcm. In .lddltlon to tills, the co\t .ln,ll ysls adds In- 

c rea\ed futl co\t due to the added w~~gt~t of tht rtx\trCilnt system. The air 

cushion-lap belt 5ystcm costs lnc 1 .de such items as knee pnddlng, changes in 

structure to tllc stcerlne (olumn and ln5trumcnt panel, the warranty, etc. The 

total costs for thlc; 5ysc~m Include one deployed air bag ba\cd on accident fre- 

quencies. In summary, the lnlt La1 co5t5 per cC1r for tile rebpectlve systems for 

two front sedt po51tlons ‘ire : 
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l Active lap/shoulder belt system $ 45 
VW Rabbit passive belt and knee restraint $ 73 

l Air Cu5hlon-lap belt $132 

The total costs per car for the three systems for two front seat positions 

are: 

l Active lap/shoulder belt system $ 56 
l VW Rabbit passive belt and knee restraint $ 89 
l Air Cushion-l‘ip belt $162 

In a different study, tile total to5ts for a 6-seat passenger car were corn- 

pared for three systems [3]. lhe tot,11 costs were: 

l Active lap/\hortlder belt system $102 
l Air (ushion .~lone $171 
l Alr (ushlon/l up belt $240 

Ttlu\, two studies Lndl(cltc> that the dLr big-lap belt system will cost ‘ibout 

two ,lnd one-h,llf times more than ttle current active lap/shoulder belt system. 

ObvLousl y, this lncreabc 15 higher when only front seat posltlons .Ire consl- 

dered, \lnce the co\t for lap belt5 111 rear \c itlng posltlons should not differ 

greatly between the two systems. 
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4.2 Relevant Cost Items 

The malor components of the active and passive belt systems and the pas- 

sive air rushion system ~Ir-p stlrumIri/ed tn l,~l~le 4-2 I)P/(>w. Costs relating to 

these items should be int lr~tlc (I. 

EIAJOR COMPONCNTS OF COMPLIANCE APPROACHES TO FMVSS 208 

Passive Air Cushion-Appr(i_ach -_- -__ [C),7J 

Drivrr air cushion and Inflator assembly 
Passfnorr air cus'lion 
Air tank and Inflator asspmbl/ 
Driver and ols,Pnqrr knrr rcstrnlnts 
Dashboard Indicator warnlnq Ilqht 
Dashboard sensor 
Front bumpor drtrctor 
Lap brlts at all dcslgnatrd srat positions 
Lap brlt anchnrs 
._-- -- -~-- -----_____ _-____ 

Passivr lJ?per TorsoPelt Approach 111 

Knee rc‘stralncr panel 
Single upper torso brlt in front outboard posltlons 
Automdtic hrlt retractor 
Floor anchor5 for bplt rrtractor 
Seat belt rrarnlnq system 
Relnforcrd anchoragr on side doors for upper torso belts 
Lap belts for doslgnatcd rear seat posltlons 
Rear seat belt anchors 

Active Type 2 Lap/Shoulder Belt Apuroach [8,9] 

Seat brlt warning systrm 
Two 3-potnt lap/shoulder belts for front outboard POSitiOns 
Lap belts for other designated seatlnq oositions 
Shoulder harness retractors 
Lap belt retractors 
Floor anchors for retractor5 and belts 

In tlt~termln1ng t l~r cc)\t, of mcetltlg the St~ndnrd,NlIl\A has stated that to 

measure the con$lirner'\ otlt-of-pocket expcxnses,tllc> co\t ( ItrLgories sl~ould be: 

0 11 I rtc t rn,1nli I I( I 111 111f; 

l Jnd~t-cc t m inllf i( trli-lng 

l C,lplt 11 111vr‘stmc nt ( ~nclucllnfi tI‘5tlll) > 

l Fhnrlf ic tlirrr+' II IrkrIp 

0 1)c,11e1 5' m II kelp 

a Taxc5 [(I] 

llowevtr, tllc 1,lttcr tllrc c (cj\t c ttcgorlc 1 L innot 1)~ c5t ~mdted reluhly for spe- 

cific car model? or market (1,155c5. Al50 we II,IVC for~nd thdt tfle cost of comply- 

ing with Ltie TMV\\s, LC, (it Inl,lt( (1 \)y tllc (,c~llcr,ll Act c,llnt lng Off ~cc,and the retail 

price lncrca5c5 of (.kr5 1t-t locj5r ly r( I lLc)d [yl. (\<a~> Al)p’ndlx 1% for a detailed 

discussion of problem5 I\%O( L,ltttl WIllI cv 1111 ItIn): t Ile 17tter 3 cost categories.) 
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4.3 Frequency Sampling Plan 

The purpose of thl\ actlvlty is to acquire reliable estimates of the in- 

creased costs incurred by manufacturers In complying with FMVSS 208. As men- 

tloned in Sectlon 4.2, NHTSA, GAO, and BLS use different methods for assigning 

costs to lndlvldual safety standards. GAO and BLS use direct lnformatlon from 

automobrle manufacturers as the prlnclpal source of cost data. Manufacturers 

appear to have the most reliable cost flgure5, but controls are needed for ac- 

counting varlatlons among the companies. Wtl, therefore, recommend that cost 

estimates be obtnlned from manufacturers dnd NHTSA for FMV\\ 108. 

F'MV\S LO8 lla< changed tllrouglj ttle years and manufacturer\' mctllods of 

compliance have cli,~ngeti rn response. For cost dat,l acqursltlon for ac tlve \ys- 

terns, we are only concerned wrth lmplcment~tlons that clrt' currently in produc- 

tlon whrch elrmlnate5 from (onsrderatlon all but the three-point comblnntron 

lap/slloulder belt for outbo,trd front seat oc( upants. Withrn tacll manufacturer 

there are three safety belt confrgurstlons dcpendrng on tllc> slzc of the vehicle: 

0 Four se,lter - 2 lap/shoulder belt\ in front 
2 l,+p belt5 in rear 

l Five se,lter - 2 lap/\houlder belts in front 
3 ldp belts In rear 

4 51x 5eater - 2 l.lp/shouldcr belts (outbo<ird) 2nd 1 lap-belt (center) 
In front 

3 lap belts rn rear. 

All the current lap/shoulder belts in productron use one or hot11 of the follow- 

ing inertia dctrvated systems: 

l Mechanical locking nctlvatecl by electronrc veblcle deceleration 
sensor, 

a Totally mrch,lnlcal lochIn& dctlvdted by sudden pulling ,Iction 
on belt. 

We will d‘sume for cost purposes that all manufacturer5 UQJ b‘islcally the same 

locking retractor sy5ttm for lap belt<. The experimental de\lgn shown in Table 

4-3 15 a b~~lanced incomplete block cle5lgn whrch 15 also b,llanced for the effect 

of inerti, reel system. 

Manuf.icturcr5 I to IV arc tile four mdlor U.5. companies. ( M ) Ford, Cllrvs- 

ler, and AM( . M~~lufactrlrl r\ V dncl VT arc forclgn companlc'\ chosen on the basr\ 

of volume or po\5lblv d unlquc restraint sy5tcni. The asslgnmcnt of manufactur 

ers to \peclflc columns 15 drbltrary and may be rearranged accordrng to appro- 

priate car productloll conflguratrons For those ir.lnufdcturer5 wlllcll u\e only 

one type of InertId r-ccl, hot11 cost entrrcs mav bc taken from the corrtspond- 

lng collflgurdtion type. Eor ~~xdmpll , if Mdnuf,ict\lrcr I only u5e5 lntrtla 
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TABIE 4-3 

BALANCCD INCOMPLCTE BLOCK DESIGN FOR SAFETY BELT 
COST DATA ACQUISITION 

Configuration 
Manufacturer 

t--T--T III IV v VI ---L------- 
r 
- 

A B A B 

B A e A 

B A B A 
- ----- -- __ - ---- _- _ __-_I____ 

a A = Electrically activated Inertia reel 

o B = Mechanically activated inertia reel. 
I - 

system “A,” but11 4 5c.jt ,IIIC~ 5 seat co5t5 m,ly 1)~ enter-cd using “A” system costs. 

Tf a manufacturer prodrirrs mot-r‘ than one model with iclent~cnl seating configura- 

tions and the re5trJlnt 5y5tem costs dlffcr, tlic‘ model with tile largest sales 

volume may be chosen. 
* 

The cost data acqulsitlon plan in Table 4-3 IS only intended for implemen- 

tations that fall Into FMVSS 208 - Option 3. There are only two current ample- 

mentatlons which fall into Optlon 2. ltle Volkswagen Rabbit passive belt and 

tllc General Motors A( RS nlr bag/l,lp belt sv5tem. Both are unique enough to 

justify separate cost data acqtirsltlon and anal ysls. 

* 
A statistlcal Ju5tlflr7tlon for t 1115 method m<ly bc found In Appendix C. 
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5.0 WORK PLAN 

The work plan for the evaluation study of FMV\S 208 1s divided Into a 

to&al of four tasks. The fourth task is an analysis of costs to the consumer 

for implementation of FMVSS 208. The work to be conducted under each of the 

first three evaluation tasks is basically self-contained and independent of 

efforts undertaken in the other tasks. For this reason, the work In eacll task 

could be carried out concurrently and the work plan IS formulated suclj that 

Tasks 1, 3 and 4 begin at the lnltiatlon of the study. Task 2, however, 1s not 

lnltlattd until 9 months after the st,irt. of tile study, because of the limited 

volume of available air bag accident data. Following the development of data 

collection and analysis procedures and the analysis of available exlstlng data, 

the task 1s suspended until Increased volumes of air bag deployment accident 

data occur with the 1980 model year cars. For the purpose of developing tills 

work plan, the entire study is assumed to start on January 1, 1978. 

The loglcal sequence of subtasks wlthln each tdsk 15 given In Figure 5-l. 

The time sequencing wlthin each task and the estimated resources required (per- 

sonnel, data processing, and other slgniflcant expenses) are given In Figure 5-2. 

5.1 Task 1 - Seat fjelt Cffectlveness Analysis 

i'ask 1 IS concerned with the acclulsltion of Restraint Systems Evaluation 

Program (RSLP) and Natlonal Crash Severity Study (N<SS) data for a new analysis 

of seat belt effectiveness. The original RSEP study did not contain i+V (which 

is currently being added) and the addition of NCSS data will enlarge tile data 

base. Much of the initial data acqulstion and preparation effort ~111 be devot- 

ed to derlvlng or reconstructing needed variables and standardlzlng the varl- 

ables used in the study so that the NCSS and RSEP data base can be analyzed both 

separately and Jointly. A total of 0.6 person-year is required for this por- 

tlon of the effort. The entlre g-month study is estimated to require resources 

of 1.0 person-year to accomplish the data collection, preparation and analysis. 

Addltlonal resources required are estimated to be $2,000 for computer processing 

and $1,000 for data acquisition. 
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1 

Passive System Effectiveness Analysis 
Seat Belt 

Effectiveness Analysis 

Task 1 1 I 
Acquire NCSS 

& RSEP Data 
Samples I 

Derive Variables 
Required ii Standardize 

Variables from 
Each Data Base 

(a) 

I 

Task 2.5 

More Comprehensive 
Analysis of 

Air Bag Effectiveness 

v 

Task 2 6 

Final Report of 
Air Bag 

Effectiveness 

I 
’ L-J 

(b) 

Task 2 1 

Acquire VW 
Passive Belt Data 

6 VW Data for 
Control Sample 

I 

Task 2 2 

Error-Check & 
Computer htOmdte 

VW Passive Belt 
& Control Data 

Task 7.3 

Analyze & Re ort 
on Initial Resu ts of Y 
VW Passive Belt System 
Effectiveness Analysis 

Task 2 4 

4dd Additional VII Passive ~ _ 
Belt Data to Data Base 

(If necessary) 
* 

Task 2.5 

More Comorehenslve 
AnalysTs of PassTve -- - 
Be1 t Effectiveness 

(If necessary) 

1 

Task 2.6 

Final Report of 
Passive Belt 
Effectiveness 

c A 

Figure 5-1. Flow chart for study to evaluate FMVSS 208. 
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Comprehensive Restralnt 
System Usage Survey 

Cost Data Analysis 

Task 3 1 Task 4 1 

Train E Review Frequency 
Schedule Field Sampling Plan 

Personnel for Cost Data 

Task 3 2 

Collect 
Field Data 

Task 4 2 

Acquire Cost Data 
from Manufacturers 

b NHTSA 

Task 3.3 

t--- 

Screen, Error- 
Check, Decode VIN 

& Automate Data 

Analyze Usage, 

Previous Results 
& Report Results 

of Belt Usage 

Task 4 3 

Detennlne Costs 
by Manufacturer/ 

Market Class 

Figure 5-l (continued). 
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2.2 
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24 

25 
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3 1 

32 

33 

34 

- 

41 

42 

43 - 

- 

zl 

)thrr 
:o:ts 
I K) 

i 1.0 

;10 

$50 0 

* 

$50 0 

$50 

$10 0 

f15 

--- 

$ 66 c 

1rccs Rqu1 ___- 
Data 

Processlrq 
(b v) 

$10 

$10 __--- 

$20 

$10 

$10 

130 

Res -- 

Person- 
Years 

02 

04 

04 -- 
10 -__ 

10 

10 

06 

04 

0 7 

0 3 

4 0 

05 

30 

05 

05 -_-- 
45 -- 

01 

03 

06 

10 

10 5 

Months Description 
2 15 1 

/ 

z 

I 6 9 1 3 
Z --__- - - --~-- __ 

Seat Selt tffer+i/eness Analy_sls --~-- 
Acquire RSt P/btCSS Data 

Derive Valuables & Standardize 
Data 

Analyze & Report Results 

Passive Svstrm Effectiveness ---- - 
Anal= 

Acqulrc Air Baq, Passive Belt A 
Control Data 

Error-Check b Computer Automate Data 

Analyze & Report Initial Results 

Acquire Addltfonal Data 

Conduct More Comprehensive Analysis 

Final Report of Air Bag/Passi$e 
Belt Effectiveness 

ZB 

s 1 0 

4 1 0 
$20 

604 

$06 
$10 

Comprehensive Aestralnt Systems -_ 
Usaqe SurxeJ 

Train & Schedule Field Personnel 

Collect Field Data 

Ermr-Check & Autonate Data 

Analyze, Synthesize 8 Report 
Results 

Cost Data AnalEs _____-_ 

Review Frequency Sampling Plan 

Acquire 6 Preprocess Oata 

Analyze Costs I Report Results 

- - 
TOTAL RESOURCES REQUIRED $10 00 

*The cost of addltlonal data acoolsltlon will depend on the type of tracklnq sys+em used for 
air bag-equipped cdrs and whether subsequent collcctlon of VW accident data are necessary 

Figure 5-2. Schedule of tasks and required resources for evaluating 
FMVSS 208. 
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5.2 Task 2 - Passive Systems Effectlvencss Analysis 

Task 2 deals with the analysis of the effectiveness of the air bag-lap 

belt system and the VW passive shoulder belt system. It is planned that thus 

task will be carried out over a protracted period of time, 39 months, due to 

the unlikelihood that deflnltlve results can be obtalned prior to the appear- 

ance of air hag-equipped cars In large numbers In model years 1980 and 1981. 

Thus, the study is planned to start October 1, 1978 and conclude December 31, 

1981. Durlng part of that 39 month time period, the task will be InactIve. 

The first three subtasks are dlrrcttd to collecting and andlyzlng air hag- 

equipped vehicle accident data from the current population of 11,000 cars and 

also collecting and analyzing data requlrrd for a control sample. In parallel, 

accident data on VW Rabljlts with passive belts and hc conventional actlvt lap- 

shoulder belt (control group) ~111 he collected and analyzed. the Lnltial andly- 

SIS of the passive belt system 1s likely to be more dtflnltlve than the air bag 

analysis because a larger volume of data is avallab e. The first three suhtasks 

~111 cstahllsh data collection procedures, data processing procedure\, computer 

programs and analysis approaches w11rch can be used ln addltional analyses later 

in the task, when more datd are avdrlal)le. The estimated resources required 

for the lnltlal analysrs of air bag drtd passive belt effectivenes\ are 2.6 

person-yedrs, $2,000 for computer processing, and $50,000 for data acqulsltlon 

expenses. 

The last tllree subtask lnvolvc the acqulsrtion and analysis of addition- 

al data. I'llese subtasks are absolutely essential for any meaningful andlysis 

of air bag effectiveness and may be required for a comprehensive analysis of 

the effectiveness of passive seat belts. The acquisition of additional data 

and the analysis will be performed twlcc. Ttle first iteration will Include 

1980 model year data and the second Iteration will lncludc botll 1980 and 1981 

model year data. Naturally, data from earlier model years \~111 be included 

also. Tile estimated resources required for tllc latter tllrte subtask\ are 1.4 

person-years and $3,000 for computer processrng. Data acquisition costs will 

depend significantly on the type of tracking system used with the large volume 

of air bag-equipped cars In MY 1980 dnd 1981, and also whether addltronal acqul- 

sition of VW accident data wrll be required. Because of the high degree of uncer- 

tainty at this time, a dollar value is not given. The entire task is estrmated 

to require 4.0 person-years, $5,000 for computer processing and $50,000 for 

data acquisrtion (task 2.1 only). 



5.3 Task 3 - Comprehensive Restraint 5ystem Usage Survey 

lask 3 deals with the collection and analysis of data on restraint system 

usage. JJwo-person teams will be tralned to observe and record information at 

a broad range of road type locations In the same geographical area which RSlP 

data were collected. The tralnlng and data collection eff(Jrt will ~rlvolve 11 

months and require resources of 3.5 person-yedrs and $15,000 for tralnlng, 

materials, travel and ottler expenses. It 1s estimated that over 30,000 observa- 

tlons drC rtqulred. lhe error checking,automatlon of data, analysis, synthesis 

and reporting of results ~111 require resources of 1.0 person-year and $2,000 

for computer processing. Ttle total resources required for tile 15-month task 

arc 4.5 person-years, $2,000 for computer processing and $15,000 for data col- 

lectlon dnd personnel training. 

5.4 rask 4 - Cost Data Analysis 

raqi\ 4 LS directed toward the d<termlnatlon of direct costs to implement 

FMVSS 208. Cost catcgorles are conflned to direct manufacturing, indlrect mdnu- 

facturlng, capital lnvestmcnt (lncludlng testing), manufacturer's markup, dtal- 

er's markup and taxes. * A frequency sampling plan for FXVSS 208 Option 3 

lmplementatlon specifies the cost data will be sampled for selected manu- 

facturers using three seat configurations ( 4-, 5-, and 6-seats) and elec- 

trically and mechanically activated inertia reels. Two replications of the 

sampling procedure will be carried out. With an adequate sampling plan, the 

direct cost to the consumer of the Standard implementation can be obtalned 

for most models through a statlstical analysis. Fp4VSS 208 Option 2 

lmplementatlons require separate cost data acquisition and analysis. Lask 4 will 

be completed sevtn months after the start of tile study. It is estimated that 1.0 

person-year ~~11 be required for Task 4 work, together with up to $1,000 for 

computer procr\sing. 

* 
These are the cost categories specified by Ni1TSA. One should realize that man- 
ufacturers' and dealers' markups are not easily obtainable for specific models 
(if at all). The overall "markup" is the difference between the actual price 
set at the time of sale, largely according to market conditions, and the total 
manufacturing costs, which are to some extent determined years in advance, when 
the car 1s designed, and to some extent by tile volume actually produced, which 
results from the market conditions. 

Taxes play a different role: some are a factor which can enter the cost calcu- 
lation (e.g., property taxes>. Income taxes, however, are levied on profit, 
which 15 a residudl and not predictable (if a manufacturer operates at a loss, 
no Income taxes are due). 
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A. 1 INTl~OI)UC’L I ON 

A numhcr of qt.lt ~SL 1~ ,11 I c~cl1111 CIUC"~ ( .III I)c* c onf3 1~1~ rc*tl ‘14 ,InaLyticaL tool6 

to evaluate the effects of Implcmcnttng TMVSS 208. Four of these tecllniques 

are discussed in this appendix. 

l Regression An,11 ysi\ 

a Contingency 1 able Analys Is 

0 Log Linenr Anal y515 

l Index Metllotl An 11~~15. 

A. 2 REGRESSION ANALY‘,IS 

Statistics USPS tile term regression in two \cnse\, one a broad sense and 

the other a re5trictlon of tile broad scn5e to a more “specific” one. Uef ore 

we discuss these two (or more) concept5 a word should he 51id about the term 

“regrescj ion” since it II 15 v iriou5 Lolrnot,ttions tllnt ,lrt’ not- ~~ppropriaLe to most 

work. In ttrc prcvio\lc, c (~~t~lry, tllc I$riti\h 5~ Lc~~tlst, Cal ton, studied the “in- 

telligenrc” of fntlicrs i11t1 first l)orn son5 and found tlint if the father was 

more “?lntelllgent” than average, the son usually was also, but he tended to be 

more average ttlnn the f,lttlcr. Gal ton referred to this pllc~nomenon as “regres- 

sion of mediocrity.” Ihe fLr\t part of the term has stuck as the name of the 

whole technique of which (,a1 ton’\ work 15 merclv an early example. By the way, 

the above does not Imply th,lt the next gcneratlon is les? Intelligent than the 

previous, since, for example, for son\ more “intelligent” than average, the 

fathers tend to he more average than the sons. 

In tile current hroqd-sense usage, regrcsslon is the study of tile func- 

tional relationship bctwcen a dependent variable and one or more Independent 

variables, The cholcc of terms does not lmplv a causeand-effect relationship. 

In fact, taking the extreme case, the dependent vnrlahlc could be the cause and 

the independent variable tile effect, e.g., Lf one trletl to regress the 

size of a bomb on tlic ,imoun F 0 f damage mused . 

It would be \omewllat more prc’cl\c to 5,1y that rcgres\lon 15 the study of 

the mean or .lvcrnge strut tllrc, of tile dc pcl\dc>nt vnr Lablc by means of the inde- 

pendent variates. One Is u~,ualLy not trying (In n prlmnry sense) to find the 

variability of cl~~trlt~r~t~o~~ of tllcx tlc~pe~ldcnt v,lrl,lhlc from tile oLhEr variates. 

It is true that ttjc rc>\ctglrcJ1 tloc 5 look ,IL tlrc vnri,lbLl it y, 1)11t only in tile 

second sen+c of wanting to \cc tlic 5t ib11lty or precision of the functional 

relationship of the averarc valuc~s of thcl tic>pcndcnt and lndcpcndcnt variables. 
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(1) Finding LIIC rclntionslljp bc Lwc’cn ;f \Lutlc~nl-'c, college record 
(quantity point ratio) and hls/hcr high scl1001 record, college 
boards ,~ntl nLlrc>r records. 

(2) The position ol a stellar object as a function of time and 
previous posit Inn\. 

(3) The probability of rain as a function of air pressure, previous 
weatller , tclmpc rnturc, etc. 

(4) The prob,thlllty or a pi r$on’5 itlvlng blond llnlr ~1s a function of 
whether or not tjc is Swedish, wllcther IIC is under 10 years, 
bctwccn 10 rind 2O,,\rtd over 20, etc. 

This general rcstrl( t rtl concept of rrgrcq\ion considers dependent varia- 

bles that have an intcrv 11 \rnlc, u5rl,ll ly intlcpcndcnt varf ibl es tllat are inter- 

val scaled ,and a random c’rror term. iilc rLnltlom error tcnn is assumed to be 

normally di\trihutcd. Tllr intlcpcndc nt vari,tble\ arc either values that can be 

adjusted by the rcsrarclrcr (P.G., tllc sptcd ,lt whtcll Cl test vehicle is driven) 

or normal random variables (e.g., the speeds of the cars in the population of 

cars considered is assumed to have a normal dlstributlon), Roth of these assump- 

tions imply, in the linear case, th<lt the dependent variable is normally dis- 

tributed. 

As an example, wc mlgllt bc* intcarrstcd in .I model rr\grc’s5lng fuel consump- 

tion per mile r, on vcloclty of the vellirle V, the weight \J, and the horsepower 

H. As a first approxlmat eon, we would h,lve: 

F = p + aV + ,W + illI + r, 

where E is the random error term. Slncc eacll of the independent variables ap- 

pears a5 a linear (f Lr5t tlcgree) term, we call thl5 a llncar equation. If we 

run the experiment render lab conditions and clroo\e the speed, weight and horse- 

power values, these are (onsltlered flxcd values and F 1s usually assumed to 

have a normal dlstrlhrltlon. On the otllcr hand, if tl~e data are sampled (col- 

lected) from n random %clc I tlon of nctrt 11 VP~IIC~CS, tllen the v.~luer, of the in- 

dependent vnrlnbl cs ire not 5elc~ctetl by tl~c rc5c lrcllc>r .~ntl, 111 fact, have ran- 

dom distrlbutlons ~I~JP to tllc r,indom 5~ lcction. Ilow ver , tllc estimation of the 

usually unknown coeffIclents i5, Ln botli ca5e5, cC1rr ted O\IL by least squares 

analysis. To nccompll\h tl)Ls for .11 I tl~e data, we choose the values of m, a, 

b, c to minimize tile summ ItIon 
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) (b) 
I 

-m-,IVI-INI-dII) . 

l'lle ob JecLivc 1s IO f I ntl Lilt> prc*c I s( ( r~rl,lllon LIl.lL 15 closest to Lhc ob- 

served data. If we cons1 tlcxr Lilt equation, I' = !.J + JV, then graphically we can 

obtain the following illu\tr,ltion. 

If the dots represent tllc cl.lt,l points, the 11ne F = m + dV IS chosen so that 

the sum of the squared dlstnnces reprc\enLed by 'I)" 1s as small as possible. 

In order to judge whctlrcr or not tllc llnc ~Lvcs a good fit to that data, we 

compare the original variability of the daL.1 from a horizontal line, 

A l 

F \ 
\ 

0 1 

T f 
x-l--- F = f (average of F) 

--\--- - q -:, -2 

i ; 
: 

with the sum of the squared distances from the sloping line. If the sloping 

line is a good fit there should be d substantial denumeratjon of the vari- 

ability. 
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In practice there are various difflcultics that can only be handled 

approximately at this stage of statistical dcvclopmcnt. In general, data are 

not normally distributed. In many cases the linear equation does not fit the 

data well enough and higher order terms are needed. However, if V is normally 

distributed, then V2, V3, etc. arc not. Nonetheless, the procedure seems to 

work quite well even when the assumptions of normality are not satisfied. One 

of jts great advantages is its widespread use in many applied fields. Further- 

more, the procedures arc quite standard and secondary analyses, such as comparing 

coefficients, can be done with little difficulty. On the other hand if the 

data, especially the dependent variable, are ordinal or nominal and if the 

range of the dependent variable is bounded, the results can be less than sat- 

isfactory. Also, if the dependent variable is not approximately normdlly dis- 

tributed, the procedure is not as efficient as others tllat use any distribu- 

tional knowledge. In addition, various statistical tests can be misleading if 

the distributional model does not reflect the true ncturc of the data in cer- 

tain aspects. 

COXT1N'C.J GCY TIZJ:LJ' A'G6LYSIS h,3 - -- 
A more recent development has been that of contingency table analysis based 

on log linear models. While tile basic contingency table analysis goes back to 

Karl Pearson and his chi-square test, the log linear means structure is a more 

recent development, 

In the Pearson chi-square v x c table, we usually have two factors or vari- 

ables, for example, degree of injury and speed. These are made categorical 

e.g., injury is on the scclle of s11ght or none, moderate or severe, \4lile 

speed might be slow or fast. The body of the table contains the number of 

casts in each r and their respective probabilities (the latter) usually unknown 

in practice category. 

and P,,*P,2 + P2, + Pz2 = 1. 
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The usual chi-square analysis would give* 

x2 (IOO-92.65j2 
= -9KX5- 

+ (110-117.35)~ + (8O-72.65)2 + (50-57.35)2 
117.35 72.65 

2 44 
57.35- - ' 

with 1 degree of freedom. The value 2.44 is not significant at Q = 0.10. 

This result indicates that there is no dependence between speed and injury 

(for these data) and so the apparent discrepancies are due to random fluctuation, 

However, an inttrpretation of the effects of speed and injury is not all that clear. 

A.4 LOG LTIKAR AWiLYSTS 

A log linear model ccln be formulated such that 

1% pij = P + Ai + Mj + (AM). 
1J ' 

where 

*1 + *2 = 0; Ml + M2 = 0; (AM) 
kl + (AM)2j = 0; (AM)il + (AM)i2 = 0; 

and A is the effect of injury (deviation of frequency of injury from the average) 

and M is the-speed effect and (AM) is the interaction, i.e., how much different 

speeds affect different levels of injury. This formula also gives the expected 

number E 
j-j 

in each cell ij as 

log E 
ij 

= log NP 
ij 

= log N + log P 
U 

=logN+u+A i + Mj + (AMlij 

-p'+AitMj+(AM) 
ij 

where N is the total number of cases. 

The above x2 test tells us that (AM) ij = 0 for all vehicle speeds, A 

Thus, we can say by appropriate analysis that the estimates of the E 
ij: 

= 92.65, i,, = 117.35, 6 
ij 

are El1 

21 
0.237, ii1 = -Ei, = -0.121. 

= 57.35, and J?22 = 72.65 and c = 4.41, Al = -A2 = 

One can check these values of u, the M's and the i's 

given the appropriate i 
U 

's. Ghile this analysis can be done without the log 

linear model for this simple case, the model can easily be extended to more 

variables wit11 the interpretation being similar to the usual analysis of vari- 

ante. By extending the model we could include other factors such as weight 

of vehicle. 

rk 

In general, x2 = C 
(Observedi - Expected,. )* 

Cxpectedi, 
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An important properly of tlli> rnwlc 1 15 111 11 I I 1151 s lII(~ cl Iscrcte, mu1 tlno- 

mi,rl cl~nractcr of tile tl Iti, 5clrnc tlliny tlte norm,il infAr f1f19 to do. Tlris fact 

should make the analysi\ mart prclclse. Ilowevcr, one fail rng of such an anal- 

ysis is that the dependent 7nd independent varrables are made discrete, which 

means that we cannot for-cc the model to .Icccpt any ordering that we wish, e.g., 

we cannot force the effect of speed to be monotonic increasing. 

Anotller choice of nnnlvsls is to allow the contlngcncv table analysis to 

have a functlonal relntlon<lllp th,rt 1~2s continuous and drscrcte Independent 

varrahl es. One would \tll 1 ll,lvc the advantage of the underlylng multinomial 

dlstributlon hut this ~oultl 31 low the tvpc of lntcrval vnrlnhles that are 

found In the regrts\ron (one cpt. Nmely, con\ltler model s of the form log P = 

v + A1 + aC where A 15 dl\( rctc as before and the C is a continuous variable. 
1 

Such an ,lnnly515 slioul (I .tI%o c~~n\~tlt~r Intcr~ctLon terms, e.g., what i\ the ef- 

fect of impnt t .ingIe with or w~ti~otlt ,I /~c~,Irl rc5trnLnt. 
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~PPCNI>l X 1:. UISCUSS I (I:? 01’ PI~Ol’O!;J-T) $ IANDAP.3 TMPl,lYl NT&!‘ION COST CATrGORIES ___- -- - ----- - 

NiTSA h,15 statrd that to measure the consumer’s out-of-pocket expenses 

cost Lntfgorles should 1JC: 

0 Direct mnrlufac L uring 
0 Indrrcct rn,lurli 3~ turlng 
l Capital II~V( stment (Inr luding testing) 
e M.inufac tuzel q’ rllrkup 
0 Dca?rrs ’ m 1 rkut, 
o Taxes* 

Jlow~ vt r , wc feel that the con~ur~ler’s inrtral costs are determined by a 

the 

com- 

plex pror css, wrth drffcrcnt tvpcs of bnrgainlng at the retall, wholcsalc, and 

mun~lfact~i~ lny level 5. Tt is well recoynlzed, and also ac hnowledged by the auto 

rn21111fdC 111re1 p, that wllolesnle pr1 ccc nrp set III rcsponsc to rmrket cor,ditlLns, 

and th?l Lt~r lr rt?Tatru~isL~i}) to mnnuincturilig rnit is loose. In a rcctllt Cl V 

$1 ridy t t ii I 5 qucstlon w,~s fly Imjncd dnd no rtlatron W35 fot,nrl betwetn dilrludl in- 

creases In m?rufactllrcr ’ tcct of c Itrsfyrng ITIVSS’s as estlmatcd by GAr), and 

tile ift,iLl p ice rncrca5f 5. 

Cc21 tnlll c )b L cdl ri’or3 LS can hc we I1 cstimat cd: direct and indirect mnnu- 

facturrni , ,lnd c,~prtnl inve’itmcnt, including testing. lhcse cost5 rc’prescnt 

rrnl LC PIII / cc> u\cd. 7hr> qucstlon of markups I’, ~orlcept uol3 y very di f f 1 ~ul t , ccln- 

sldcrin; t IIC mnnufactlll el 5’ nrrr ~nr 5trnteg’ec: (trjrng to rover a m,!rket spec- 

trllm) an<1 ttic ol~go;~c~l l\tic nature of the market. LL5inF average grm<s profits 

Tar the m ~nuf,~ct urlng tn<~lk up would LJ( ~nr orrect and ml sir ad LII~. ‘Lo find the 

true mar’ NIL) would rcciulrc a major study cx,inlilling n,rnufacturers’ detnlled cost 

clnt‘i ‘?7p ’ ,>I ic 111~ pr acts ccs (lntc rilaT and txtcrnnl) . 

TIIC qu+ c tlon of d( .IIC r markup 15 somewhat ca5ier to consider conceptually; 

hok ( vb‘r, t c‘, dt tc1m1nr It 11~ practlct IS complicated by the trade-in of used cars. 

It appe rc hlrl~ly lrl\clt that there 1s no frxed perccntagc markup on the dealer 

3 I vcl , l)ll t ’ llnrt compl~c,ltcd rel<rt lon*,hip whlcl~ depends on the value of the new 

V&.:11 clc, t 11c t, ~.le-~n and other ma1 hct condltron5. Using an average gloss pro- 

fit, 01 tllc dlffrlcncc between ~~l~olcsale and retail prices, would also be inac- 

c uratc n11d ml. 1 ccl~lng. 

With rcg,lrd to tllc issue of taxes, this cost is not only borne in the form 

of a salc5 LXX as tllc fr.lr tlon of tllc components cost of the total car, but It 

1, also ,lcclm~ulated at every stni’c of manufacturing in the form of property, 

payloll, : .ilcs (lntcril ~tii lte) and excise taxes. Income taxes are another cost; 

7 
Person.~l ( ,jwluni cnl Ion f lo”1 U,lrrc n G. IlaIlcist ,Contract lechnical Monitor, 18 
.T,lnuary 3 9 I I. 

I 
CLEI Jbzpo~ t 4194-57’4 ,J’1~~7.7~r1 PI*‘oP?*~~ a-rzd Limitation AnaIgsis,Dec. 197C ,Contract 
DOI-HS-5-C). 225. 
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however, tt~cy are 110t directly rcl‘ttcd to the resources u5ed but to tile profit- 

ability of the manof Icturetr. 

Thcreforc, bdsccl on the nbovc tl tt cus5iori, we consldcr it beyond the state- 

of-the-art to estlmatc t11e true ollt-of-pockr t coyt of IICW car buyers due to 

:,atisfyirq; the MVSS. Good estlmitcs of the costs of r-cdl rcsourcc 5 consumed 

cdn be made, but thrl\e costs app,lrcrltly arc’ not passed on lmmedintc~l) or directly 

to the con<umcr of th,lt model. Other costs (mirl ups antI t IXCS) are conceptualI> 

and practically dlffjtult to tst,*bllsli. lhc mo5t rcl~~l,lc ~stl~~nte of consumer 

cost would have to be dl;grrgatcd over the c ittIre m,lrkc( r,,ld a several year period 

in order to account for changes III market strategy ant1 cc~ntlitlons. 

Another point of conct rn \~rth regard to the ~011~ c I ion of data on cost ltcns 

J $ tlir pcl hods of coll~l)rlrison--c)nc, model vc lr before tllc cffcctlvt d.rtn US. the 

iwJc1 ye,?r that the Strlndard bccLirrc c -fertlve or the 11~ t model ye,lr. Ihc first 

point 15 th.~t manufnc burl rs have ~1 ~cit? chaIly,cc, to vthlclc 5 prior to tile efftctlve 

date of c oi Ipllancc, c~~)cclally ii1 thy ca5c of totally nci7 liodcls. SC condly, L~IC I c 

i5 the lc~nrnin~, curve c ffLct in mc,cxL mnnufnc Turing nrocc~ 5c 5 w111~li rxill reduce 

the cffct tj ‘C co,t of mdnufac Luring over tlmc. h’lth tc p +r[l to tills cetond ef- 

irct, snvl11;‘5 17ou1d IJC dlff~cul t to estlmatc, i-~~p~~ldlly ‘15 the\e III 11 compoI~cnti 

hccome nore lntcgrnccd into the ~,ICIC strllctcirc t~f tllc vcl~~~clc. lhcrcfore, ur~ng 

tl~ese tini per] ods fog comy,nrl\on may tend to ovcrcst 117 ~tc the cost of the 

Stmdnrd. 
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APPENDIX C: STArISTIChi, 1)ISCUSS ION ON CIIOOS IN<: A PARI ICIJI,AIi MAKC/MODCL WITHIN 
M~IJFACIIJI~I roK c0.s~ DATA ACQUISITION 

Consider any cell in the experimental design corresponding to a particular 

manufacturer and market class. Suppose within this cell there are K different 

possible cars to choose with known soles volumes nl, n2, . ..nk (let n = F ni), 

Suppose also the respective unknown costs are cl, c2,...ck. i=l 

We seek an estimate of the overall average cost 

hased on one observation. 

Any decision rule may be described by a set p,,...p,( where pi is the 

probability of selecting Llle i 
t.11 

possible cdr and tllen obtaining its cost c 
i’ 

The risk assoclnttd wit11 any rule, under squared error loss (obviously 

appropriate under variance conslcierations) is 

c (Cl - Cl2 pi 
1 

The natural inclination at this point 15 to attempt to minimize this risk 

over the p 
i’ 

The answer IS set p, = I at c1 closest to c. Rut this is clearly 

worthless since tile c arc unknown. 
1 

(If tllev were known, 

and there would be no problem.) 

Hence , LilC r IlO I ( (’ or I lI(\ 1’ 
I 

‘5 ( III OII 1 v (11 I)( lid 011 LllC> 

I1 
approach suggests the unblnscd estimator p = 1 so that 

1 -- 

of the estimator is c. The associated risk n 15 

c would also be known 

I1 
1’ 

I IIC nail-ural 

the expected value 

F(c -cpL 
i I n 

We wish to cxdmlno wtlich of thc5r 15 tilt 5mlllcr. I irqt we solve the 

problem If k=2 in wIII~ II r 15~ II, /n l/L. 

~ln1m: (c 2 - 
5) 

(‘,_T)Q- + 
(‘2 

- 
1 7) 

1 2 

?ncn n2 

1 2 

Proof: ol~vlorl~: plug nl 
11 

111 7 - c 1 n + ( 

1 2 
2 &- intl verify. 

1 2 
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More gcncr,ll ly, if WC wri 1~ 

k 

t n ( 

-F= c n1 + 
L-2 ’ ’ 

I -ii- n 

n1 + ’ T’-“l Z( - 
1 

c---- 
11 II 

I1 r 
wlicre c’ = ; -a!--’ 

n-n 
i=2 1 

average 0C tllr rc~mnlnlng ( ‘s. 
i 

n 
1 2 - = (c -7-J 

n 1 
; (cl-q2 

i=l 

I IlCIl , 

nl -- + i (cl-c’ 
2 nl + c’-T) - 

11 
r=2 

n 

cornpa rctl wi tll 

I.e., (c -7) 
2 

((C’-7) 
2 

1 

or 
2 (n-Ill) 2 (n-n,) 

(c l - 7) y--- .- (c’ - T) -- 
n 
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Since the circled term is ~9, selecting c, via nl clearly gives the smaller 

risk. If "1 < 1 
ii- 2 

, there is no "best" solution. The better choice can only be 

made knowing the c "1 fs close to If ;i- 
1 

1' y, the circled term should still 

be large enough to make sclectlng cl via nl the better choice. 

On the other hand, ii all the ni arc about the same, i.e., 

n. L 1 z k tl1cn - 
n 

c = LC , -;-> L - 
1 ,111cl 

r (( 11 
T f --- 

z c (( ,-'P 1 
-- 

k i 
I1 iT 

i.e. ,the "average" (ci-c,2 -2 is no better than any particular (a -c> 
i 

. Hence, 

again selecting cl via n, sl~ould still hc a5 effective as rnndomi7ing. 
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